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(54)Title: DNA POLYMERASE-RELATED FACTORS 



(57) Abstract 

A thermostable DNA polymerase-related factor promoting the DNA synthesizing activities of DNA polymerases; a thermostable DNA 
polymerase-related factor having the activity of binding to DNA polymerases and a process for producing the same; genes encoding the 
above DNA polymerase-related factors; a method for synthesizing DNAs wherein DNA polymerases are used in the presence of the above 
DNA polymerase-related factors; and kits containing the above DNA polymerase-related factors. -Use of these DNA polymerase-related 
factors makes it possible to provide DNA synthesis systems and DNA amplification systems in vitro which are superior to the 
conventional ones. 
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m M m - 

. fiigT1i'-^°'J y 5— If f-x-> 'JT^?->3> (PGR) ^©M^(^^*). 

. sit. pHn£t®siiSEc;^^#. mmmizKiir^m^miifiz-Di^x^ti^n. 

BU^&.-^M^Xh^ trn n >;/ 7 'J :t-9-X (Pyrococcus furiosus ) li 
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tlXl^^ [y^ ^ l^^ y i7 r-y^X 'J -tf-f- (Nucleic Acids Research) 112 
1 2 5 9 - 2 6 5 H ( 1 9 9 3 ) ] o 

■r -5 if iite® D N A U y ^ -■ if P^S^'^JI^t- ^ - t ^) ^ o 

^:^Hg©ffe©afi<Jli. ^:^BgoDNA'-i^*'J y ^-•tfKigH^Oit^E^^SI^t- 
. DNA'-i^'U y 5— tf^M-r'SDNA®'^fi!c:^^^^#^t-^C tdfe-So 
tje5|5J;0^n7t|^iltl^DNA-^fig. ^i^DTDNAifiliSl^Ti^-^^^^nSo 
X7&^^^I,$n^c (Sl^^^^mS 7/2 4 4 4 4^^^•>7^7 h) o CCDDNA 



wo 99/00506 PCT/JP98/02845 

;K U y 7 - -ir'li 2 ^ KT^^^-^i^^^^SSc UT D N A U y 7 tr"S 

^ ^ ^J' > ^ M t!)^ D N A U y 5 - -tr" ® Wr D N A ^m^^ ^ffi ii-T - 
Cn DNA=i^*'; y 5— tfcDWt--5DNA'^^@t4^Mt-'SW»ODNA 

SfjE C2D ES©DNA^U ^-HfMSS^-, 

C4) E^m©IE^J#-^: U 3. 1 9. 2 7. 3 4. 6 4. 7 0S:C>'80*> 

^^hxtimm cn ~ C3] t>fn*>Ea©DNA**'j y^-- t?TOB-?. 
C5) w.nmomm^^: i> 3. 19. 27. 34. 6 4. 7 0:^0^8 0;^^ 



3 
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^J^-tWU DNA^'U ^7— lr■OW•r'5DNA'^fi^Sti*^SJi■r§S^^Wf 
( 6 ) Se^J^cD@2^J#-t : 2 . 4 . 18s 2 6. 3 3 > 6 3. 6 9 7 9 yi> 

'J y 7 — b'CDWf 6 D N A -^fiSStt^M^ ^ ffitt^^-r S D N A *° >J y 7 tr" 
^^^ii)7!)>bPNA't*'; y 7--tf©Wf SDNA'^fiJcffi'^^iSii'f'Sliitfi 

A^ ^ 7— tfKSS^oSit:^^. 

(93 1512 (n ~ (4 3 l.^-rn*^f2ia©DNA^'J y 5— trKSH^Oi?^ 
T(rDNA^'^^-r'5c: i:^#iit-r'5> DNA^*'J ^ ^-Hf^^fflf^DNA 

( 1 0 3 2aJ!il±cDDNA'-KU y V— tfMiSH^©??ST(^DNA*'^^-r'S 
ME (93 IS^ODNA®'^fi£:&j£. 

(I 13 DNA^K'J y^-- e-g|j®H^^tbT. F7. PFU-RFCSO'PF 
U-RFCLSO^^TCDNAO-^fiK^tf^kOHfiE (1 03 EffeODNA-^Blc 

(1 23 DNAt^'J ^7--tf*^ itiittDNA^U y ^-Hfr^-SffE (93 
- (1 13 ^^■rn7!>^EIScODNAO'^fiK:^^£. 

(1 33 ?QRm\^^K)%M^Mm^ (1 23 E^ODN A©'^^:^!^. 
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CI 6) 2mKl±(DDNAt'^) /y~-^mmm^^'^'ni^Xf£?>m^ CI 4> 
Xli C 1 5) Bm.<D^y h> 

C17D DNA^'J ;<7--tfHilH^i:tT, F7. PFU-RFCSO'PF 
U-RFCLS^^^bT^<j:§TO CI 6) Eii©.+ 7 ^^ 
CIS) DNA^^^) >^y—^'tLX. mmnDNAt'^) :fp—if^t'^bXtl 

6mB C 1 4 ] ~ CI 7 ] V >-rn 7!)^lSic®+ 7 

^ 1 S (i. t/t P f u 'J y ^ — Ir' C gtft :^ 7 A i; *9 ^Si L /c 7 a® 3^ > ^ < ^ 
K(FK F2, F3. F4. F5, F6.F7) OS D S - P A G E^-^-rH 
X$>6o SDS-PAGE±t©^^»liF 1 ~F 7 0)li(::*tl 5 5kDa. 2 4 
kDa. 37kDa. 19. 5kDa. 27kDa. 64kDa> 33kDa-e 

S o 

^2 0liv Fl :J'://N-^!«^3- K^Sita^^^ti-':/^^^ KpF 1 - 4- 

1 o<Di^ADNA&\H-(DmmMM^m^^-tmx$)^o 

^40{i^ F 1 i^y^-^:^^® 3' -^5' x4^7 7 :^ UT--tr?Sti^^t'0'C$) 
^5ia{i. F 2:5'>^^•^?M^^- Kf^itlE^^^tr:/^ X ^ KpF 2 1 7 2 
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^6Mli. F 7 ^>/^*^K^=J- K-r-Sit^E^^^ti^:^^:^^ KpF 7 - 1 - 

RFS 2 5 4 Nd B©}fADNA»rH-OMPI^^%ia^^-ri2f*)So 

(F7) OSDS-PAGEO^m^^-ria-C^So SDS-PAGEiT 
® F 7 ©^^iti^tJ 3 3 k D a irfi^^ n-So 

^110(i>Pfu DNA^J^'J >{5-^f. ^i:'^<:i^(^P f u DNA^K'jy^ 
-- IftF 7 irOS'^i^^'^-Vl'MbTtf ^nfc^tii^(::-^V^TDNA^°'J y 5- 

^1 20li. PFU-RFCLSi^>^^°:7W^3- F-TSit^K^^^tr:/^ X 
i KpRFLSNh©f*ADNA»fH-0«^^«!Jl2'C*.§o 
^1 30li. eaa«y:<7X 7U:t•t^X ADNA±® F 5 

^1 4lili. en:PFU-RFCfiL{*:*^A(ri0mSIU/w3aO:J'>^-^^M ( 
PFU-RFCLSs PFU-RFCs F7) ©SDS - P AGEcD^m^^t* 

^1 5 0(i. F 7XJiRFC-NS-^i*:»'^®DNA'+'U ;f 7--t?"ffitt<?:^ 

^1 60{i> PFU-RFCLSSO*PFU-RFC^='- Kf 5itiE^^-t 
tr-/5X^ FpRFC 1 Q 0WADN A^ii(DmmmmMm^yFi-M-C$)6o 



6 



wo 99/00506 PCT/JP98/02845 

^1 7 0li. F7. X(iF 7SO'r RFC-Mm-&{*:Mlt®DNAjKU -/7 

— ir'fiitt ^^-r r 5 7 T S o 

1. ^^Igff^cDDNA^K'J y 5--ifKiSS^ 

it* mf*e*I (Cli D N A ^ U y 7 — e-(D Wt- 5 D N A ^figStt^iSii-r a f^ffl 
^©3^>y>;^KT'*0. m^\f. 8 0°c. 1 5OT©Ma{::^LTfe^^-e*> 

(a) DNA'ieij y 7— tfO^-T'SDNA'^^JSti^tSiit-SDNA^K'J y ^ 

D N A 'J y 7 - -tf ® -5 D N A -^figStt^fSii-r S D N A U ^ - -t? K 
jSH^tLTIi. DNA4-:U ^ 5 — trcoW-r-B DN A-^fiKStt^iEii-ra ^)0"e 

9. 2 7> 3 4. 6 4. 7 0 SO' 8 0 511 J: O^t^n/cii^/j: < t 1 atc 

7!>>o D N A ^ u y 7 - -t?o w-r -SDN A ^fi!c^^^^^£ii•r 5 w-r 5 ^t^fi^j 
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dnajku y y'-if<D^-t?>DNA^mn^iS:mt6mn=^m^-t^:ifmt 

UTIi. DNA'-i^'J 5— tr'CDDNA-^fiRSM^Clii^Ml'^^tl'S *>®T«)n 
{^^lf(rlS^A^^An^o DNA^m^^mt6iSmt. IfrM'&fiSDNA 

^MU^H^^-^OStttik^f settle): *3a!l^-r -5- i::{)^-e^^o ^/i. ^ 

HLmm^fzioomM^^DNAmom^^pcRiz^ii^^i^^M^mfi^^vum-r 

K o-t±|6tfs D. R. x-t"X (D. R. D a v i s ) il«©DNA'-K 'J ^ 
•7— -b' 7aA JCii/x'j bT 3 U (DNA polymerase from Escherichia coli 
) ^2 6 3 - 2 7 6M (C. C. •Jf-i'-KV>^) iZBrnoy^mm^m^^ 'htl 

So 
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D N A 7 - Hf ^^^f ?St4^ Wt- ^ D N A ^ y 5 — tf K«S^. t U 
o ^lis. ^:Bj^S{c:feitSDNA:K'J y ^--tffr^-^t-^iSti^W-r^DNA'-K 

^J#-^: 1., 3. 1 9. 2 7. 3 4 . 6 4. 7 OSi:>' 8 0.7:?>t>nc-5.i¥c}: D^l^n 
:f:^B«CDDNA;J-:'J y 7--tfMilS^75-<^-^-r'5DNA'-KU y 7— IftLTti 

DNA*''J y 7— tf" (P f ut:'j y ^--tfc^) ^^^{f ^nSo p f u-t^u y 3 

^:||DJ©DNA'-K'J y ^--tr'KSS^Ii. #^©DN A^J^ U ^ 7 (r 

i^-^-r'5fc©'c$>oT*5<j;i^*^. ^3z^^^(c-r^^^a®DNA4^'j y 7--tfir 

DNA^J^'J y 7— tf^©IS^©M^:^&ttTli. mH^-tDNA'-K'jy^- 
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1 9 c^^ti-BT $ yi^@^^J7i^^?'i:-2>DNA*°'J ^7--t?■raa^{i^ dnau 

1 0 



wo 99/00506 PCT/JP98/0284S 

© D N A U y 5 - -b'MaH^^ 3 - Kf 6 itfe^ tbXit, lijE©-^: 
NA^ftf o E^*fi^3{::^i^ iE^moiE^J#^ : U 3. 1 9. 2 7, 3 4, 6 4 

— t^'OWr-SDNA^B^Stt^iSii-r^^SE, XUDNA^'*) /y—^lz^^t 

C©J:9''<j:af£^i:tTli, i2^m©S2^J#^ : 2, 4, 1 8, 2 

6, 3 3> 6 3> 6 2RC^7 Qf)^'btl6mX^miSl^ntz'J^^£< t^lUiZTF^ 

ti^^mmn(D±ux{i^o-^. ^)§v^li^nb©i^^J{-4b'^^T> majiii±© 

©WrSDNA^fiJtS'f^^iSji-r'STgttXIiDNA^^'J jiy—blz^^t^m^ 

^^(c. cnb©*%Hj©itfeT-©DNAt^w:/'j y-rxu 7&^ 

oDNA^'j y 5— tf'©Wr-5DNA'&fi!c?Si4*ffiii"r^?St4> XliDNA^*'J 
;f 7 - -tr'C^-^t- ?S14^W-r D N A ^ 'J y 7 - -t'K jSH^-^ =J - K-r 5 itfs 

it<K^ © D N A (l^ 7' 'J ^^'T Xf C 1 7&-< "Itg'^j: D N A ^) -5 mfe^ ^ 

1 1 
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m ^Wf -5 ^^^(DmoitB^^m^ir ^zi:i)<-v^6o ^ n >r 7' u y >r -t* - •> a 

, T. v-Tx^x (T. Maniatis ) bM*. ^U^^y- ^v-s^yiT: T 
h 'J- "7^aT;l/^2l{S (Molecular Cloning : A Laboratory Manua 
1 2nd ed. ) {Z^Wt.:^ntzl5mfli:iZ^^nmt^Z tfi^V^^o 

irflt>-^^ DNA^m^i^tc/yzflyy^O. 5%SDS. 0. 1 ^'t'i/JfilftT 
> (BSA) ^ 0. 1 9<J;K'J t:->'t^fo ij 0. l %7^o-;t/4 0 

0, 0. 0 1 ?^^fi1^-'yffi^DNA^^tr6 xSSC ( 1 xSSCtiO. 15M 
NaCKO. 0 1 5M^x>i?:h h 'J '^7/., pH 7. 0 ^^"r)>'e. 5 0 

>3>^7m^ 0. 5 9<)SDS^'ttr2 xSSCff'^ 3 7 'CO^^TOgfe^ 

•roiaffl'C^-fb^-ti:> @^$n/-^^^DNA7'D-7'fi^Oi/r:^>'l/;i''^'<«y 
y'^y¥'t&\'C^^J;:oiZti6tV/ y^lyy^m^t^o 

v^v-{Iffl^^aitft^^lil|®^£> m^ltPCRm^mmir6ztt<'C^^o PC 
R0^mi> 7"7^v-DNAXIillSDNA©iB^Ji|(wc):'9> M'MmMttUt 

12 
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tUTIi. ^J;t{i\ 1 9 8 9^. zi-;uK 7;yu ^^'^ h U 

-^^f^ T. v-Tt^^X (T. Maniatis ) ihMM. ^U + ^l^- :7n--> 
^ : T h U- vr.aT;l/^2)!S (Molecular Cloning : A Laboratory 

Manual 2nd ed. ) l|{rE®oa« ®it{E-?Xi^e*J#&:6-<^(f '^n> Mi^mtb 

<> :3 K^^m^TSIffl^nTl^SfeOfiAi^fiijtr^J^-r^c tirj; ^. B6*I3' 
>^^•^'S©iS^m^0'5Ct7!)^^T^nT^^^ (0llx.li> #i>¥7- 10 2 14 6 

# ^>nfc ^ n - > cDMtJf. n-^mmxh a d n a ^* ^ ^ - -t?MiSH^ ©syh 

I 3 



wo 99/00506 PCT/JP98/02845 

D N A ^ 'J y 7 - -tf MSS^ ©l5J#{::f Jffl $ tl^DNAt'^J /y—if 

DNAjK'J y ^— tftLTIi. '0»Jx.{^^ eD=i'y:^7X 7>j:f-9-X (Pyrococcus 
furiosus ) DSM 3 6 3 S^fcfi^CD, IE?iJSoeS^J#^ : 5 Sa^/X{i@E^J§ 

Tt^^aSDNA^K'J y 5— tf [P f u DNA=^• 'J ^ ^i^U'T-;^:? 
T^yX 'J -th -f- (Nucleic Acids Research) .^21^. 2 5 9 - 2 6 5 H 

( 1 9 9 3 ) } tm^t^tzob. ^(Dmm^p f ut'v /y-'ifctBm-r^o 
mmm^^-v-r^m^'f-ii. •fvT.i kpfu i o o ic-^w^nr*>o. t 
/c. m:fyxi \''vmm^^^tifcxmmjMi o ^(Dmmmmmi. Escherich 

ia coli JM109 /pFUlOOl t^^. ^^^tl. ^fi£7^8^ 1 IB (H^ltB) 
i:«9 7':J'^Xh^^^cDfet. B^:ffl^^5femo<(immiTi 1#3^ (S5M#^ 
3 0 5 - 8 5 6 6 ) ©iiitSII#xm!£#il^4^X^I^J^W^H)T{C^KS^ 
PERM BP- 5 5 7 9 t l/T^ie^nTl^So L/c75<oT. Pfu^i^U^^^ 

-et-So MP f U5^*'j y 7--tfCli. iS^JS®l2^j#^ : 5SO'i2Jii#^ 

(A) -;$:|i'cDi|MDNA(r:/5>rv-;:)-<T--'J Lfz^^W^^'S. t h 

1 4 



wo 99/00506 PCT/JP98/02845 

(B) 3' -*5' x+V 7 UT--tr-^tt^W-r§o 

(C) A-DNA*IIS9tU/i:K'J^7— tf- ^x-y 'JTi7i/3>(PC 
PCR©^#: 

a) SlCMfi^ : 1 OmM h 'J ( P H 9.. 2) > 3. 5mM Mg 
Cl2^ 7 5mM KC 1; 'E-n-e'n4 0 0 AtM©d ATPs dCTP. dGT 
PSi:>'dTTP^ 0. 0 1% 't7i>Jfil/tT;l/7*i 0. 1% h'JhVX-l 
0 0. 5. Ong/50/zl A-DNA. 1 0 pmole/5 0 At 1 :/5-rv- 

A 1 mnmomm^^: 5 8). sd^^^-tv-a i i mnmomm^^: 

5 9) . 3. 7TO/5 0;ul DNA**'J y^^tTo 

b) St5^#: 9 8°C> 1 0#~6 8 °C. 1 0 1 If-l' t t/c 3 Oif^ 
^;KDPCR^^T9o 

(D) SDS-PAGE±T\ *^ 9 0, 0 0 0 ^-'t/ h 1 4 0, 0 0 0 ^ 

^fiJffll/TDNA^''j ;<5-4f^@^<l:L'TfcJ:l^o tJiP f U'-KU ^ 

^J^li\ ena^y:^;^ 7 'J :t-9-XOmiKI^S^d>'^>*^HJcDDNA^°'j y 5- 

15 
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uziytiT. ^'J^iJ-X DSM 3 6 3 8^fl*©l^i|^^M-r§-i:7!>^T$^ 

oimmt. HWy^x ^U)iy^ yty V^x2ir)ViS:^7./y ^yv 

X yi/ ^ X t7 u > G m b H J: (9 K^m^-ch^o nMWi^m^ fimn^m, 

y^<!7m<tyJ^izmM^ti6o zti<b<D^y'^<i7W^z2-h'1r^jkB^\t. 
::t{wj;0> gfi<]0afe^^^trDNA©rM-^flX#-r^- t55'^'"^-^^o PGR© 

1 6 



wo 99/00506 
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# ^n/c D N AKr>T-®iS« @23^J^#%(^ l^rm^tizry ^ v -^fpgi L> $ ^ 
PCR^tfoK X{il#bn;^cDNAirH-^t<{i-e©-^^:/n-:/{ifflV>/i 

T-^X (T. Maniatis ) ^Mm. ^^ + ^5- :7a-:^>y :T ^=}-'5 h'J 
- V— iT;H^2fig (Molecular Cloning : A Laboratory Manual 2nd ed. ) 

\^az2ytiX y^)t-^X DSM 3 6 3 8^©»lKM^±iaofiLP f u 

li. -e-n^'nF u f2, fs, F4. f s^^o'f 7 tisr^^nrfco. 

2 6> 7 9\ 3 3. 6 9SO'2{r^-ro ::n^>©J^Sie^J*^'^li^^tl'5) 

^^>y>?/?^©T^ y^iejij^. -en-enE^ij^offi^iJl^-^ : 1 9. 27. so 

> 34. 7 O&O'l (I^^o 

K-r-Sii{E^^^#A^tl/c:^raJMl 0 9 OJBMeSlf^li Escherichia 
coli JM109. /pF7-HH-18 m^^fi. ¥^9^6^3B (l^^ltB) J: 

3 0 5 - 8 5 6 6 ) ©iimSHtXHt^riP^^^X^iaSra^HIf {Cgl£^^ 

17. 
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PERM BP - 6 3 3 8 tbX^^^tlX^^^o ^J^K^^i*^^«U ^« 

amt'') J(y—if (F f u DNA^ ;f ^— t?) t'nx ^ ^'f-^f A t 
(Pyrodictiura occultum) fi^© 2 S® DN A^-K U ^ 5 -if [i^i--:'- 
)\y t-y' y<^7-')irniP- (J. Bacteriol. ) ^1 7 7^. ^2 16 4-2 1 

7 7H ( 1 9 9 5) ] OStt*{Sii-r-SC<>:7:?<*|gBJ{::*^t^TBJ^>;i^(r^tlTl.^ 

S/i. Ma©F U F2. F 3, F4S:0'F5fe. ^n^'nP f u 'J / 7 - 
ifC^P f u TiNh^^^] :/^v—^(Dm^^^mt^Z.t-hm^t^Z^t\X\.^^ 

o 

±S©h°n3 .y:«7X 7 U ^ifX DSM 3 6 3 8 ^S^©:5' >^-«^K©T ^ 

yi2sejij^sEfti©:5'>^^'^loT $ ynse^jtitenb/w^-^. p \ \t^=E-y^)i 

X :/7>'Ux>lf (Haeinophilus inf luenzae)^^©— :$:^DNA#M6tlx+7 
5:? L'T— tf i^>(2.yx (Science ) . ^ 2 6 114 9 6-5 1 2M ( 1 
9 9 5)] t©P^{r^^^ro•:^-^WbT^.^'5o P3li. v>r3:/5:^ ( 
Mycoplana ramosa) fi^©T-trf-;l/^* U T ^ >T ^ y /n^T F^— tf [^t-:^;!/ 
:t7' v^^-r U i^- (Journal of Bacteriology ) , Hi 7 8^. 1^ 5 7 

8 1~5786M (1 99 6) ] SO'hh®tXh >7=T-tr5^^--tf [-9-^ x> 
X (Science ) . ^2 7 2#. ^4 0 8-4 I IH ( 1 9 9 6 ) ] t<Df^ii^^^ 
nv^-^WUTi^-So ^/c. F7liE^^'^®DNAmM{::H4t-^iimm^ 
!n;li (proliferating cell nuclear antigen : P CN A) [x>;}^' 

(EMBO J. ). ^1 ^5 1 1 1-5 1 2 OH ( 1 9 9 5 ) : 
7i/yX ^ (Nucleic Acids Research) >^18^. ^I363~l 

3 8 1 H ( 1 9 9 0 ) ; 7'Dv/-7=^ >rx :f7' if -f'>3f-;i' T:<77=^ 
- ^i-T* ■»f>i'x>x :r7' USA (Proc. Natl. Acad. Sci. USA) s H 

1 .8 
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8 ^ 1 5 7 5~ 1 5 7 9 M ( 1 9 8 7) ] tOfflC^t^^ a i^-^^Uri^ 

PCNAIi. mW^C (RFC. RF-C) tm^i^^m^tX. DNA^ 
mimM-t^tn^^tlXl,^^ L^<t^. ^6 8^. ^ 1 5 4 2- 1 5 4 8 M ( 
1 9 9 6 )]o Lfcf}<^X^ t'nn7:^X 7 'J :t1^X(C*^^^TfcR F CfCiSS 

l&MS y y =3 >y * X (Methanococcus jannaschii) ^^W-DNA 

O^^mmmH-trizmm^tlXisiO l-^-Ccy^. (Science ) . ^2 7 
^ 1 0 5 8- 1 0 7 3M ( 1 9 9 6 )] . KiSSiS??iJ(i(iP CNASCJ^R F CcD 
^.^u-^t^^c^ri^^y^<^W^-=i-Vir^'ABil-h<^^nx\.^^o 
©RFC J.- >y h Si:>':^-t^::^^^ h © ro^^l-fl h O'trSE 

a©RFC /Mf7':i-7 hitfe^^^=i- KtTl^ar ^ yielE^J [3?i7U><«;, 
^ U ■t^-f■ (Nucleic Acids Research) . ^ 2 1 ^> 1^ 1 ~ 3 H ( 

1 9 9 3 ) ; 7 ^ U'T y Ti/yX (Nucleic Acids Research) . 

^2 2^. ^1527-15351(1 994)] ^imbX. 1Sl^ft©iil^T. 
IJWiWM^m^. cn*##{^RFC /jN-9-:/j-->y 7*^-7 
3- K-r'5ite^»rH-^5i#t-'S/cJ6©7'5>rv-X(i:^a-7'^ Lt^ffl-T^ 

K^MU ±E©F 1 -F 7^=1- K-r-Sit<c^©?2t#(::ffll^'^>tl/c$|fp(l^ 
oT. ^J^li\ fan 7:^7. 7 'J :t-9-Xfi*®RFC /h-9-7*^^7 hO-t^^ 
a-i^T&5PFU-RF C^:"- Kf-SitfE^^tD^'R F C :^if7'rLz^.y h© 

1 9 
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yi-^^a- r-nh 6 P F U - R F C L S ^.=3 - K-r ^ilfEi^^l5i#f 5 h-h^-r: § 

n (intein) t^-^i^S UTl^^ C t;*-<Pg ^)7!)>{l$n/co 
KilfE^^i: 0 ^?5ES2^J {c*H;£:-r 5 M^^lt^f PFU-RFC 

RFC^:3- Kf 'J -x-f U- 

ie^jj:!9Jt^^n6PFU-RFc©T ^ ^n^'ni2?n]g©ie^i§ 
^: 4S<:>'3{r-&n'en^-ro ^fc. pfu-rfcls^^e^^cdpfu-r 

FCLS^3- K-r-S^-t/^U -x^ >i^7 U-A®i^S@S^JJ^O'^C(r=3- 
K^n-5 3^>^^°^^S©T i yUE^J^. WM^o^WM^^: 6 3 SO' 6 4{r-&tl 

^^tr. Mitfe^-«-fflV^T. PFU-RFCO|gS{rM-r'S/^«)07'5X ^ 

RFS 2 5 4 SNc7i^*)0. ^/i. ^^^X^ K^^A^ tl/c:^:^ JM 1 0 9 
OJ^Kfe^ft^li Escherichia coli JM109 /pRFS254SNc t^^. ^^^tl. 

^ 1 TB 1 # 3 ^ 3 0 5 - 8 5 6 6 ) ©ilffi^S^tXlltJ^iiiK^l^rX 

^X^MSF%Rlf{::Si€#^ :FERM BP -6339 t LT^I£^nTl>'S 
o ^J^MfeSli^^t^ftU ^«J:«9PFU-RFC^I"j?#t-^Ct75^T-$5o 
itPFU-RFCIi> m5*TDNA*°'J y 7-Hf©Stt^iSjib. ^'^>(l±ifi© 

2 0 



W6 99/00506 PCT/JP98/02845 

ttc^ PFU-RFC itfi^ tPFU-RFCLS ^ii^^omi5^^X^tltc 
J^W^mi^^ifnir 6Ct{Z^^. PFU-RFCtPFU-RFCLS{ickO 
J^fig^n/cm-^i* ho i o-RFCtl>9o tf^. #fCitfEi^X^6<j{l 

^jg^tlfcho 1 o-RFC^r RFC-M^-^i^^E^f ) ^^^^^^ 

frEPFU-RFC:RO'PFU-RFCLSIi> F 7 - 
, J: O DNA^KU y 7--t?Stt^iSii-r^^ i:*'<-e#'So C®^-^, lijieho 1 
o-RFC (XJir RFC-MS^i*:) tF 7 t^m^LXm\^^rhJ^<. ms^ 
PFU-RFC. PF\J-RF CLS:SLlfF lf}^'bfl?>^^W (RFC-Nm-^ 

Kl±i^mmLfzt^^). ^WMi^^OttNAt'^) /y-'t'O^-^^DNA^m 

^:|I!3®DNA^*U, /^--^MSa^f-li^ fjj®® J: 9 i::DN A-^figSCCJrM 
^-r'SC<t7&^abnTl.^-S3^>^'?::^K. Mx.li> K^M**®PCNA. RF 

PCNA, RFC^j:i:"®^ >^"?i^^li1I'^<*^«t. DNA^*'J y 5— tf d{r 
J:5DNA'^fi!cS)l::(rM4-r5i:l^t>nTl^-S[ ^^t^. ^6 ^1 5 4 2 
- 1 5 4 8M ( 1 9 9 6 ) ] o bi)^btlf}<ib. ^:|gH^iC|S^$n/cDN A^ U > 

^--ifMiiE^^ii, m'^^(o^fiihi'. -en-enmi^-efeDNA^'j y 7--tr'® 

2 1 



wo 99/00506 



PCT/JP98/02845 



xm. m^li. DNA^mmno^m. DNAOU^. PCR{ri;^DNA®it 

R. mi^^^(DDNA(Di$mi}^mtn6PCRizm-r6z.ti)<T^^o 

•r^ DN A3}^ y 5 -■ tr"«r» J: < 1tl2"r 6 C tTi^-et So 
3 . ;^|gBj©DNA^'J >f ^— tr"KilHHF®ll{i^:^i* 

^tzmn^Wii^^^mb> DNA*''; 7— tf©Wt-'5DNA-^figStt^^£iS■r 
S. XliDNA^U y ^— tfJC^-^f'SStS^W-r'Simt^ODNA^^'J y 5- 

A'-KU ^7— IfMSS^^^- F-r6DNAt1IfflcDr;t':5'f-:t>lx3^^^--tr 
^ ^-tfy^ \^yy—ifmo^yy<^n^^- h't^DNAX\it7.i-i^y^r 

. $^B^©itfc^^^^r-5JBS^SSii**^'i®MDNA^*<J ^7--tf-Miia^CD 
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f u^*'J y ^— tfC^ODNA'tC'J y v-^f^jS^''<£ai*:f-@^^bts ZtitD 
4. DNAO-^fi^:^^ 

SETfi. DNA4^°>J ^5— tr'*ffll^TDNA«"^fi^-r§::t^loO:^g/j:#i^ 
t-rSo ^l|H30DNACD-^^;5-j£{r4ol^T(i. ^:|gHJODNA'-^''J ^ ^--tfKI 
^H^O??&T{l. DNAjK'J ^5--tf^ffll^TDNA^'&BR-rSCt{lJ:'9> 

1^ 2 0 k b 0:gmcD D N A ^fiils-r § C 1 75<-e ^ e o 

© D N A ® -^figl^ri^ (r ffl I ^ •=) n D N A U y ^ b'MSS^ t b T (i 
> Fl. F2> F3> F4. F5. F7. P F U - R F CSO^'P F U- R F C L 
Smfi^W^n^o ^:||BJ©DNA®'^fiK:^i*{C*)l^Tli, BtrEDNA'-K'j y 5 

©'^65c:^fe{rfcl>T(i. ^iJ^li'. F7, PFU-RFCSO'PFU-RFCLS 
0 3a®DNA*'U>7--tf'raHi^^fflV^^C<!:(rci:(9s Se5t5©DNA-^fiX:^ 
bn'SDNA»rK-:l{::Jt^^ J: 0;ll.>DNA»fli-^'&^-r6C tTi^T^-S 
o ^:^HJ©DNA©^^:^j£(rfcl>T{i. Biiia3a©DNA4^*'J ^ 7— tr'MifiH 

^(i. -&n-e-n*wrS'^LTffli.>Tfcj;<. F7t. pfu-rfcso'p 

FU-RFCLS;!)>'i^d:'5holo-RFC ( r R F C - M^-^i^^) t©2a^ 



wo 99/00506 PCT/JP98/02845 

F7. PFU-RFCSO^'PFU-RFCLS^^^nc^ffi-^i^^ (RFC-Nm-^ 

3 'J(E.coli)fi^05K>'H^ODNA'-K'J y\ "9— if- ^7^5:^ 
(Thermus therinophilus)fi*©T t h DN A'-K U y 7 --t?\ if-vx Ti7T 
r-f :^::^(Therraus aquaticus) ft^cDTa q DN A^ 'J / 5--tr\ fnay:^ 
X 7 'J:t-9-XS^OP f u DNA't^'J y 7--tfl|(rftg^n'SWiittDNA 

tfz. :4^l|BjODNACD-^fiS:^&{C:}oV>T{i. HilEDNA^*'; 7--tf^ffll> 
. PCR?*(ri:0DNA^^fig-rSCi:;5-<-e#5o 
.:^|gBJ®DNAO^fi£:^j*Cfcl^T. ^::^hJODNA'1^' 'J 5 --tfliiSai^^ 

5. :$:|gHjCDDNA5f'U y 5--tfKaHi^^#^r-rS4^-y h 

ff-5/ci6cD+«y ^7':J-4=-'>&(:i:'5DNAS«l2?iJ*^®/-ctoO+ 
•y h. DNA^affl4^>yh. P CR+ -y h^(:::$:|gBJODNA^J U ^ 5— t'g|^ 

s^^^ftf -scircjio. cn^>©+7 h®tt*g^@t#-r6c t7!?<-e§-So c 

jlB^^^-^trfcO^fi. m^\t. dNTP. MgC I2 ''AirCDDNA^'U y 7- 

*''J y 5— tf-MM^tLT{i> Fl\ F2. F 3. F4. F5. F7. PFU 
-RFCSO'PFU-RFCLSI|7&-<^tf "in-Bo ^:§gHJO+>y hCtel^Tli. 
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l^o F7. PFU-RFC5:0'PFU-RFCLS©3aoDNA't°'; y^-- tr 
raH?^fflV^6 - tT&W^ Ll^o Bul2 3a©DNA'-KU t?TOH^Ii, 
-etl^'n^*J4-eS^LTffll^TfcJ;<> F7<t. PFU-RFC^^O'PFU- 
RFCLS7{)^'^)ncaho 1 0-RFC ( r R F C -M^^i^^) t©2a^S'^U 
Tfe*.^/^TfcJ;^^o ^^(C. fliSSaoDNA'l^'U y 7--tfM^S^^Ii> F7. 
PFU-RFCS^>'PFU-RFCLS7&^^)nj:5^^^* (RFC^N^-^f*:) * 
ffl^^TfeJ:l^o :$:^BJ®+«y Mc-tW^n^DNA^i^'J y 5--tr-t LT(i 

. 3'J(E.coli)S^®;K;H^©DNA'-K'J y 5--tf. -9— vx -9— t 

7>f ^XCThermus therraophilus)fi*©T t h DNA^°'J / y-^-if. t)— vx 
Tr^Tx-f :^X(Thernius aquaticus) fi^©Ta q DNA^°Uy7— tf. h* 
aay:fyX 7 U r^lfXfi^OP f u DN A^f* 'j ^ ^— tf^trftg^nSiffi 
EDNAjJ^'J ^ ^— IfTi^^ff btl-So ^^m<D^y hiZisl^Xlt. Iffi'tiDNA 

mmm 
mmm I 

(1) fa=i>v7!7X 7 •J:^-9-X©yy ADNA©I1I3 
fony:«7X 7 'J^-9-XDSM3 6 3 8 ©^#{iOT©^*)0{rff-5/co 
h 'J:/h> 1 P#x+X0. 5%^ pI^t4T>7'> 1 i^ + v'J • 
7 U K ( 1- V ij y ^ '-^5 h U -tt^) 3 . 5 + v 'J > S ■ U + K ( 

i?i'VU>5^'7 h 'J -tfclSl) 0. 5%, MgS04 0. 0 0 3 %. NaCl 
0. 001%. FeSO* - THzO 0. 0001 %. C0SO4 0. 0 
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0 0 1 %s C a C 1 2 • 7 H2 0 0. 0 0 0 1 ZnS 04 0. 0 0 0 1 
CuS0 4 - 5H20 0. Ippm. KA1(S04)2 0. Ippm 
. H3 BO3 0. 1 ppm. Na2 M0O4 • 2H2 0 0. 1 ppm. N i 
CI2 -eHiO 0. 2 5 ppm©SLBK®^fi&<£-2 'J h>'l'^®^x^'!7A7K 
h;MrAn. 1 2 O-C. 2 OMWmbtz'ik. mMiST.^^^^. ^W^^l^ 

?i'a,n/c^^ic(rHijE®^^^abr. 9 5°c. \ ^wf^^wmmL 

o^(r. Sft:^2 5 %;^^n-X*-^trO. 0 5 M h 'J X -M ( p H 8 . 0 
) 4ml(rML. ZOmM^i^O. Sml® U '/f---i- [Bmg/mK 0. 2 5M 

h'JX-m(pH8. 0)]. 2inlO0. 2M EDTA^SnX-T. 2 0 "C 
T 1 Bf^fSfiL/c^. 2 4ralCDSET^^ [ 1 5 OmM N a C K 1 mM E 
DTA> 2 OmMh';:^-i^^ (P.H8. 0) ] ^ ^iZ, b % SDS 

4niK yoT-^ f— tfK ( 1 Omg/ml) 4 0 0 1 ^JDX., 3 1 

(2) FDN A ^ 7*5 'J -®fpS 

h'D3 7:^>^ 7 'J:t-9-XDSM3 6 3 8 (2)^7 ADNA 4 0 0 //g a u 
3AI-egUMYbb. 3 5~5 0 k b irif>r XMb/c 

o h ij:/;I/^'J -y K^i^rj^- (X h5:J'>?-vttl!t) 1 //g 

^Xba I?grkt/c^. T;^*•J7;^::^7Ti'— C^S^itS) ^ffli^rfljfc'J 
>il-fi:U ^^(rBamH If^^kLZ-cm. ±EO^M^n/c3 5-5 Okb®DN 

Ai 4 0/ig tm^Ltz'^. y^^-'yayum^n-^f^o 

>:r-':^>rj£(rJ:oT. h'an<y*x 7 'J :i-t>-XO'5r 7 ADN A©7 7 ^ ^ > 
h^-W-r-S^ix^ K^5Ay7T--:^^lil:^'^^('^'^*^>'^-i^>i''l>. ^^^^ K^-r 
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CR (BRLM) (rJgK#AU/co #'^>n/cJg!ttS^i*J: ^ 5 0 Offl^n-> 

-&n^'n=ix$ Fi'D-^No. i~no. 5 o o tUx ^^c:^ 

Kt&l^mtLX. 2 OmMh 'J>^-M (pH 7. 7). 2mM MgClz 
. 2mM 2 hxrS'y-^k 0. 2 m g/m 1 rStt^bDNA. ^tl-e" 
n> 4 0 ;(/MOd ATP. dCTP. d GTPRO'd TTP. 6 G nM [ ^H] 
-dTTP (Tvi/i-AitM) ^mMtfCo ±ffi©=3X^ KDNA5-r7'7 'J- 
0# o - y fi^otttB^g l/zl^Si'D-y^CSAtl) ^BijESJE^^K 4 5 

0 ;u 1 ^^DE^-^N°-(-X^'<y h U 5%. Naa HPO4 Tft^^BISm^ 

r)V-f\t. m^X% ^^-y^\ ^n-y-ro{i53'lt> "^iRd^^tf o/co =3 
KDNA7-r7'7U-4' (iMO D N A --K 'J ^ 7 - -tritfe^^-g-tr © li. 

o. 5 7. 1 5 4. 1 6 2:S^O'3 6 3 T$)€)C t;i■<^7!^^oT^^SCtA^t). Ztl 
bJ[j|^^©i7o->-eDNA^fiS^tt^^t;^n->t UT. No. 4 1. 153 
. 2 6 4. 4 6 2:S^O'4 9 1 05 i7n->^#/Co 
fjlS5 i'o-xrol^T. K^^mU ^n-en^B a mH I -C^PL 

5 ^a->{i:r-y<-^ y7'L'^<C;!>-<b. 'p\^-f-:>-fnftW$,^^^\hAjX\^^^Z.t 
■h^^m^m^o ^:iX\ pa-yNo. 2 6 4SO'4 9 1 ©if ADNA»T)t(::-^ 
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4Xli4 9 1 KJ;*) 1 0^ojgS^Hlj^cDa>*®DNA»rlt^^O 

ajU PTV I 1 SNXIipTVl 1 9N^:7:5^- (^SitttlS) (C-tJ-y^^a- 

DNA^'jy7--tr-?E&tt^S!l^L^c*S^. 1^1 I-Xba 

0 -eci-e. ^Xb a I -Xb a mfr^^pTV 1 1 8N^^3^-(lM^ii*n/i 
t,©^:/^.;^^ KpFUl 0 0 1 ari^^L. K-ejgKesl^n:^r:^li 

®JM 1 0 9 ^ Escherichia coli JM109 /pFUlOOl (PERM BP-5 5 7 
9) tiJrr^gL/co 

(4) P f u**>; y 5--tfCODNA^*'J /^-■tf:^^:5'>^^°^M®«?^lT 
±i2©:/^X$ FpFU 10 0 1 J:f9DNA*°'J ^ 7--tfitfe^*^tr±iBX 
ba I-Xba I Brfr^fc o-SXb a IT'^Of^fflt. DNA:/^ >x>f >r+ 

^Sma IT§3^L/cfe©t^^UT^fI^m(*:f'PS2m:/^X^ K^MSU m 
A»r>i-®:^[6l'tt(^J:or-etlWp FU 1 0 0.2:aj:>'p F U 1 0 0 3 t^iSLfc 
o Z.Uho^'f'yTsX K^ffll^T. JfADNAirH-OMA>'^I12>C:>:^$-li:'5- t 
{ickO^mig^f^^fFlSlbfco fpM{::(i> Henikoff o:^^ (i^-^ (Gene) ^ 
2 8^. 11 3 5 1. - 3 5 9M) ^tt^ffl Lt'w Kilo-Sequenceffl Deletion kit {% 

ps t iso'xba i^mmLfzo t^ibtifcm^oxm^mw^mmtbr^ bc 

aBEST i^x^J-^i/i^-^x^x^^-y h (^@it1±l3) i: 
Kb-5 <5 eoOit-T'V 'J -x-f >r7 U-A (ORF) 
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© D N A 'J y 5 - -tf tifiX ^J' > ^ < i7 5 ^^-e^) § o 

IIWJ2 

( 1 ) P f U'-i^'J y 7--ifC0iSI3 

{jLl^t-f'SP f u*°U ;«^--tr'C{iJ[i(TCDJ:9(iiilSb/-Co Escherichia coli 
JM109 / pFUlOOl ^1 0 0//g /ral©T>t:°->U ^^-^trLB^Sb (> 'J :/ 
h> 1. 0%. 0. 5 h 'J 0. 5%. pH7. 

2) 2'} y h Ji^'-vi^mbtzo ^mm<Dmmi}<o. e a«oo (r^tfcit^ mm^ 

W'V$>6^ 77*0 t'Jl- B-D-^t:^'^ ^7 h K ( I PTG) 1 m 

Ma:4-6J;9{C«L. ^^(ll 6 l^r^i^S^-ff ot^Co S®^. 3 7 ml© 

7-y-->3 >/<777- (5 OmM h'JX-iM^ pH8. 0, 2mM 2 
-y;l/:^7*hx:J'y-;l', l 0% ^^'U-trn-zk 2mM PMSF (7x— ;l/ 
/ ^yxjly t-JlyyJlty^ K) ) {iML. iS#MM(r3&>(t/^o c©5K 

2 0 0 0 r pm. 1 0 ^il^L^^Si L"r#'^>n/c±«^ 8 0 °C. 1 
©MSJlTiM^fco ^©'^> BSl 2 0 0 0 r pm. 1 0 ^©iI>l>^SI^fi'oT 

5 0mM 'J^^^'J-^^A. pH6. 5. 2mM 2 - ^ ^L'^T' hx:5' y -yk 
10% r';-bn-;L') 2 'J >y Ml'^i^tff^l-^iSt bT^ 2 B$K©iitlf^ 4 Hlff o 
t^o igUf^©^^^^3 2inl^^<7 7 7-A-eW<bL/cRES0URCE Q:«7 
7 A (7T^l^v->Ttt|S) {CfitL. FPLC->X-rA ( 7 y ^bv '>Tifcl2) ^ffl 
^^T^□v h r^7 ^ -^tr-^/io ^iB(i> 0~5 0 OmM©Na C 1 a^MS 
^ieci:01fo/co DNA*°'; y ^--tr^g-ttli. 3 4 0 mM N a C 1 ©2iST 
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- 5 0 (r^-xi?-l'/^•>^tM) ^ffli>T2iiJibAim. pd- i ot^i. (7t 

Jl^i/T^m) Tl 5 0mM N a C \ ^^ts^<y ^ r -Aizm^L. U'^tltz 
3. BmlOif^^^S^s l^b^^^v^T-T^^ftU/cH i Tr ap Hepar 
i n t/yl. iy r J\^-^-yr^^) Azmbtzo F P L C i^Xf- A^ffll.>T 1 5 0 
-eSOmM NaC 1 iI^^ilS^@ac<k'9^aiU 4 0 OmM NaClOzg 

>ifci^) ^f^i^tzm^mmitx^m^^L. 1 2 g/z io^is^s^^t 5mM 

f-h'J-^A, 2mM 2-y;l':^:/hi37>'->'l'^^tr5 OmM'J ^g^i^zU-t^A 
^<.^-7_,_ (pH 6. 5) TWfbtTtS u p e r o s e e^Jli&Mtiyl.i 

ttfbDNA) ^fflV>/Co DNA©SttYkRO'DNA*''j ^^--tfS&OM^Ii, 

YyV ^-^i|g^f, D. R. 7=-fX(D. R. D a v i s ) 
©DNA^K'J /y--if 7nA x->xU tT a "J (DNA polymerase from Es 
cherichia coli) ^2 6 3 - 2 7 6M (C. C. 'J5" + -K7>^) IZsi^Olj 

mx-n-^fzo mn=^mmbj:d t-t^^n^ jJLi ^zKitm C2 0mM h'jx- 

%m(pin. 7). 1 5mM MgCU, 2mM 2 - / flti-f hx.^ J - 
;k 0. 2mg/ml rStt^bDNA. -&n€n4 0 //MOd ATP. dCTP. d 
GTPRO'dTTP. 6 0nM [ 'H] -dTTP (Tvi/i-Attlg) ] 4 5 
7 5''C-e5^rHlS)t^^-li:/>:o ^®^*.04 0 A£ I ^DE^-^"?- 

3 0 
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h-7>ttS2) (iX^t-Cy h 5% N a 2 H P O4 T;^^* 5 ISff o-Zi^ 

Lfzo l.m.ommmm^'^IS&r^^^'C. 3 (^Mhiz^O 1 Onmo 10 [ 'H 
] - dTMP^SKDNAtlSif} jitr^F^M^P^ 1 1 L tzo 

y^:^7'J'i7A. pH6. 5. 2mM 2 - / ;t/^:/ h:^.^ y -;k 7 5mM N 

/•Co cn^ 1 ©{rot 5 0 /il 3ii^fc§tr 4ia'^7-9-4^KT(iaitt/Co 

LTfii P f u 'J y ^ — tfC 't: U ^ □ - f-;i/iJL**:^-^t;gLJfiL?S 6 0 ml-^^/c 

^PhI. ^^^fj^izmWWiM'L-^mbtzo #^»nAitt^^ 501102 OmM u >^ 
±h^)'yAy<yyr- pH7. OCML. 7y- 2 U y h^U^iitlf 

^?^i:LT. 2MOSt/f<&3liItfo/co igffi'^O^^Sl 4inl^2 OmM 'J > 
i^:^^ 'J•^?A/^'>;/7 7- (pH7. O) T'TOfbUZ-cr/nf >A:^5A .(7t 

ju-^i/r^m) {zmu m^<yyr--cmi^'^. 0. im :7x>i?f-h';'t7A 

7 r - ( p H 3 . 0 ) -e^ai L/co ^tiJ t/cEP f u U y 5 — trX -l^ 'J 
n-:h;t/tn:{^c^. IM h 'J X-fl^. p H 9 . 0 "C'^'fD^. "t > h U 7D-C 
F- 5 OTjilgL. PD- 1 Qtjyl. (y yJl-^yr^m) -e:^>v:/U V^T'yN'.y 
7y- (0. 5M i^<ti-V*}^^. 0. 2M fi^^-f h 'J O/.. p H 8 . 3 
) iZ:m^LrtjiP f u*°'; :^ y—^'CViW^^t^^^^MmLfzo 

(3) JJlP f u^J^'U y 7— tf C{n:i*::<7vACDf^|S 

HiTrap NHS-act ivated^^A (7 r -'Uv-^TthS?) ^1 

3 1 
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^mo. 9ral(3. 6ing^§^©tn:P f U'-K'J tf'Cfiii^^^^tiO ^-TT^v-r 

;!7^A^6nilCD7'n <y4^>:^V<.> 7 T- ( 0. 5M h'JX-iM^ pH8. 3 
. 0. 5M ii^b^h h 'J "^/s) > 6inlOv<.y7T-B (0. 1 M h U 't? 

A pH4. 0. 0. 5M i^iti- h . 6inl©:/a .y^>:rAy 7 t- 
■eil^J^^fe^U ^ig-e3 O^^-P^lKgt/Co ^^)(::. Qm\(D^<yyr-B. 6inlO 
T'D .y4^>^^v<>y 7 T-> 6ml®^<'> 7 T-B'e:^7 5A^^^Lfc^, 5 0 mM 
h')X-mm pH8. OT'^^A^WfbtTtJiP f u^°'J ^'^--tfCSii^i 

HSI^lJ 3 

(1) tn:P f u^K'J y CtrLi*:*5i.^fflV>/cP f u^'U ^ ^— t'C^^tr 

t'aaytX • 7 ';:t-9->^DSM3 6 3 8 ^> HSfeM 1 IBic©:^>fetl^1i{C 2 
:^©yf'f 6e#ra^&#l//co m®^^ Mi*:^ 3 4 . 7ml©2mM 
PMSF*^tjV<.y 7t-C (5 OmM h 'J X-i^^. p H 8 . 0. 1 mM 

ATP) izmmi^. m^^mmmz-fy^iifzo mi^m^i 2 o o o r pm. 10 

^— tr-Ctn:f*::^^i.(lftL/Co 7 T-CT^Jfe^bfc^. ^ai^<-y7 

T-(0. IM i7"J->>-iS^ PH2. 5. 1 mM ATP) -eP f U'-^°'J 
y^-HfC^^tim-^i^^^aib/co ?§a}«lM h'JX-ig^ PH9. 0 
T-4'?n^. -{?>h'j7n- CF-5 O^ffll^T^JiL. P f uj^'U /5--tfC 

( 2 ) P f u ;K 'j y 7 -• tf C 

3 2 
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P f u*-'J ^7— trXffi-^i^^M^lS^. SDS-PAGE (12. 5_% ^>'J 
r^^)JlTi¥'^JKi^WsmmmtLr2^mU h'JX-t^^. 19 2mM 

ru^>. 0. 1% SDS. pH8. 4^ra) {^^t. ^#'^n/iy;^(Io^^ 

«;'f-'f >r^^f-o/co SDS-PAGE^O-^r 4'OmM e -T i J - n 

-ti-fuym^'^tiy'^y7-^yrm.mm\(. 2^mu hux-t^ie. 20% 

y^J^y-^k PH9. 4) {Igb/co ^)t{w. -tr$ K7>r7*a-yr^ ^r^a ( 
iJ->fx>x^ 7-^ y i^tfclg) {C7'n«yr^ >i7'^®^S2 (0. 3M hUX-ig 
i?. 2 0% y^^y-^k pH 1 0. 4) 2 5mM h'J:^-^ 

i?. 2 0% y rS^y-^'k pH 1 0. 4 tr^U/c^lEE^ 4 0mM e-T^y- 
n-:^yD>i?^#t;7'a>yx^ UrgU/cP VDFM. ±E©yyi/ 

. SO' 4 OmM e-T^y-n-*7'n>^>£-ttr7'Dyx^ y^mm^l (I 
SL/c6^^S*a*)^it, 2mA/cm^ . imWirfu y 7- ^ y ^Lfzo CCDP 
VDFH^. 0. 0 1% ^y □+)-- ;U^^t;7'a .J- ^x-x (WRlfL^t*^^ 
{rgt. . 1 O^F^fSt-? t/-c^. 0. 0 1% n-9— ;u^-^t;7'o.y 

::^x-x-ei 0 0 oig^«?L/;fiLP f u^^'u y 7— tf'ctn:«{rM^gt/co ^ 

fiTll^TOS^. 0. 0 2% 2 0^^trTBS/^>y7T- (5 0 

mM h 'JX-i^if. PH7. 5. 15 OmM NaCl)T> lO^KSil^fe 
j^U TBS^^>;'7y-'ei5fe^Lyio -ebT, 0. 0 1 %f- y n-tf-;U 

^^t;7'a>y :7x-x-e5 0 0 Qf^^mLfz^f^t^'y^-^mWai'^^^l g 

G (Fc) fjii*: (tJitrjyT^^tinm izm^&Ltzo ^fi-e ii^KSfcfi L 

fc^. PVDFM^, 0. 0 2% y^-y-2 0=^^tsTBSy<'yyT-Vl 

HRP- 1 0 0 0 {zi=.ti'm) (cM^gU^fe^-t^r/Co HKC^f SDS-P 
AGE^oy;U^^vi/-7*'J U T> h7*;u-R- 2 5 0 T'^feb/^M^tfjia 
©'5,x;^:J'>7'nyx^ >y^ffi^^A>b. ±E^'&{*®^fili. tSPFU^'U 

3 3 
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zt\i>iO^^ yy<^^oN%mT iJwmn^^^frLf^o mmmz (i) -e#^n 

/cPf u:K>;y^-4fCm^i*:iilS^S^. ±EtI^1i(wSDS-PAGEU P 

0 0 0 A:/a-r^ ^-^--^ry-tJ— (t^-l/yh ^<y tl-Y^W) ^ffll^/-ci 
-e©^m*g 1 (li^-To ffbtlZ-iF 1~F 5Sa'F 7 0N^SiT^ yi!@2 

n^. ^n^tmnmow3m^ : ? - 1 2 c^-To 



1 







F 1 


MDKEGFLNKVRE AVDVVKLH . 


F 2 


MFTGKVL I PVKVLKKFENWN 


F 3 


MIGSIFYSKKFNLHRPSEYH 


F 4 


MKDYRPLLGA I KVKGDNVFS 


F 5 


MDIEVLRRLLERELSSEH 


F 6 




F 7 


PFEIVFEGAKEFAQLID 
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mtl&m 1 vm^Lfz\^aaytX • 7 'J :t-tf:^oyy ADNA 1 0 /zg E 
coRI (^MM) V^^mitL. -ecD9*.5 0 Ongia^^B Ong®E c o 
RI:^-tr>yh (^Sigttl^) t^S-^L/c^. ^-i/ 3 y^^-otzo 

B<rEi:I^«l©Sf^T^ Hi ndlll ti-b-jh. Xba h. Sal 1:^7 

-tr.;^ h. P s t I :^-t?^;/ hSO'S a u 3AI *-t7 h (^T'lgjSitttSi) Ti^-en 
€nfttin$n7t:«7-t?<y NDNA^MU/co 4-*>\ Xba I:^-tr7 b^ftifl-rs 
mzit. Xba ISO'Nhe I ® 2 iiOO^^Tfgfb^n/wyy ADNA<£:^ffl 
b> #t>n/cpNA^'€-n-enXb a I hDNASiD^Nh e I/Xb a I 

:^-t?<;/ hDNAt^iSLfco Sal I :^-b >y h ^m^5l^{:{i> Sal 

NA^. -en^nS a 1 I :«7H2>;^ hSZ>*Xh o I/S a 1 lti-\zy hDNA 
^L/^o S a u 3 A I :?7-t?7 hOmntriiBg limfb^n/cyy ADN 

A^^fflU f#^n/cDNA^B g 1 n/S a u 3 A I *-tr;y hDNAt^^SL 

(1) F liife^^^trnx^ K^n->©ii5^ 

1 3^^c;i 4(i-en€nfMSiE^J^^-r:/5-<v-F i - isc^f i -2^^fig 

U/co ll!ffiM4-eili2L/cE c oR I :^7-t'> hDNA 1 1 ^HMtbT. 1 0 
Opmol-foOF 1 - 1 'BLXJts^-j h^v^v-C 1 (^Sit^fcS) ^ffll^T 1 II 
i®PCR^m^. -eoRtE^Sl x/1 ^UStLT. 1 0 Opmol-ro©F 1 - 2 
RO':)!7-l?-y h:/7>rv-C 2 (^©^tt^) ^fflV^T2IlIgOPCR^tTo/co 
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C©2IilcDPCRIlli. Pfu DNAt'^) /y— if (ammm> ^hyS^i^- 
>a:S2) ^mi^fzo S)^::^iS©MfigSO'S)S©^#*J[j^T(w^-r : 2 OmM h 
X-iMif, pH8. 2. 1 OmM KC U 20mM MgCl2> 6mM ( 
NH4 ) 2 SO4 , 0. 2mM dATP^ dCTP> dGTP-. dTTP. 1 
% h 'J h>X - 1 0 0. 0. 0 1% BSA, SO'2. 5mt4©P f u DN 

'J >f 5 --tf 1 0 0 ;a 1) s 9 4 'C ( 3 0 #) ~ 4 5 °C ( 3 0 

) ~7 2°C (2^) ^ 1 •y-'f :^>'l/t 1 mSOPCRfiS O-tJ-^^^k 2Iig 

ii2 5-9-^:7;uff-5fco-'^£4b\ mommmi'TT^-rp f u dna^'u^^-- tf 

-^ffll^/cPCRfc. i^Lifflfi^®S);e^S^^fflLTtTo/co iiipsLfcl^5 5 Obp© 
DNAir)t'^7°7X^ K^^'i'-pUCl 1 9 (^SiittSS) {l-*J-7'^ n-^> 

S^: 1 BSa'l 6{I-en€tliMSIE^J^^^:^7>rv-F 1 S 12^0^F. S2 
*-^fi!cb/co COF I S 1 ROT 1 S 2*fflV^T. 1 (l^b/c^X ^ KD 

NA^IIi5{::PCR-^m\ F 1 iti5^^^t;=ix $ Ki? n- >;&ii!RL/'Co P 
CRti. TaKaRa P C RT >yj 7 ^ ^ — > a h (^MttS) ^ 

fflV\ ^ftOUJB«»{I?A^oT^To/;o^O^§ll. No. 22. 46. 6K 13 
3. 1 7 8. 1 8 0. 2 1 ORO'3 1 7 0:3X^ K^:'n->(rF lit{s^;i>''^S 

( 2 ) F 1 it^i^® 1^-7* ^7 o - y r 

il»J4-eiSl!{U/-cH i n dill ^-t?y hDNA 1 n 1 ^iiSt t. #2 Opm 
ol-r-oOF 1 S 1 RV^tj-by h7'5'rv-C 2. XliF 1 S 2R0^*-t?y hT'^ 
^'v-C 2^ffll^TPCR^^T^/wo PCRIi. ^^{^P f u DNA^'J;<7 
tf^fflt.\ ^SI^J5 (1) tmtM^OKmmv^ 9 4°C (3 0#) ~5 5'C 
(3 0#) ~7 2'C (3^) ^IV-^ 9JltbXZ 01^-r :5';i/®St&^ffo/Co 
^omWi. F 1 S 2R:^tf^y h7'^'rv-C2-e5 7 Obp©DNA®r>T-*'^iiili 

3 6 
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btct\ F 1 S 13^0';^ -try h^'^-T v- C 2 "eiiDN A©iii|iiliMbnnf}^^o 
tzo cn(rJ;Os Hindi! I hit. F 1 K >®-r C±gS<t 

. F 1 S 1 ©T^- 'J >r-r'5{4S75>'iP f u DNA^'U y ^— tf-eiiflT^ 

•iflEStl^O'ttiL/cNo. 6 l^H i n dlll -e?gfbL. 1 . 5 kbJ!il±£DDN A 
mW^WMhX^ y^xi K^i7^-pTV 1 1 8N (^riitttS) (r-9-7*:7n 

-->ru^co #^>nfc-en€n©M®ix.:/5x$ F^iiSfr. f i s i tF i 

S 2^:/5'rv-{Iffl^^TPCR{Ii:<9F 1 itfei^OWM^Ii^T'wtC^. *tl2 
kbcDHindlll Bfitir F 1 it{Ei^75-«^^n5 C i:;!)^*!!^^ t/^o ::©DNA»rfr 
ffOF liHE^*-<pTV 1 1 SN^:?:^'-© 1 a c ^o^--:J'-Tgfefio/j:75-<-5 
/•c:/-7X^K^> p F 1 - 4 - 1 0 t^iSL/co^/c. z©7'7Xi Ktr-^Sn 
-S^$ADNA»rH-|::oV^T. Nc o K E c oR K B amH K P s t K S 
ac I &O'Nde \ (DUmMmmm^r^^Ltzt^^. 0 2 (i^^ct -5 ''jr^^Ti-^ 

( 3 ) F 1 itfs^ ^^trDN ABrM-©iSS@2?^J©^^ 

Kp F 1 - 4 - 1 OJ^Om^^X^ KJ;0^D<9/iL/-cNc o I -H i 
ndlll, EcoRI-EcoRU BamHI-PstK EcoRI-Hi 
ndlll . Hind III -EcoR ISO'H i n dlll - B a mH mH-^-en 

n^btifc^zfy X > K©ff AD N Aterfr©it^SiSM^ '^x:t + J; t 
/■Co ::nbOM^^M.-&bT#bn/c. pF 1 - 4- I 0^©ffADNA®T>fO 
igS@e^J©-5*>©2 0 0 9bp©@£^J^i2^Ig©iS?li#^ : 1 7 fC^-To U^MB 

^J<£-P«f L/c^^. Fi ©N^^T^ yMM^-^t;:t-:^>'J-7=^ 
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V?:? UT--tf' i-^-fx-yy^ (Science ) , ^2 6 9^^ 11 4 9 6 ~5 1 2M ( 

1 9 9 5 )] to:>mznwim^^^nf:.o nnmm'4-U^X'2 3. 2%. 

( 4) F 1 ^limt--5/;a6o:/7;^ ^ K©«^ 

%mm 5(2) {iiaic®:^^ 7. ^ kp f 1 - 4 - 1 0 ^mm.h k^jscbe 

^J#-^ : 2 0(l€®i^S@E?^l^^-r7*^>r^-F 1 N cSO'iiaoy^^ v-F 
lS2^ffll.^T\ PCR^ff-^/co C©PCRCIi> Pfu DNA^'U^^- 
■tf^^fflb. lliiM5 (1) tl^bMfiSc®SlS«tT-o/Co lng(D^i5DNA:R 
0*2 Opmol^-oCDM:/^'rv-^^fflL-C> 9 4 'C ( 3 0 #) ~ 5 5 °C ( 3 0 # 
) ~7 2°C ( 2^) ^ 1 ■y-'T ^^'I't U/c 2 5 -9--r :?>'L'®Sl£;^tTo/co igipS^n 
yi*^4 6 Oi^SitODNAlgrH-^. Nc o IRD^Bg 1 II ( ^ t> C^SittfclS) 
xm^\^xn^n^nf\h^ ±i2©:/5X$ FpF I - 4 - 1 O^Bg 1 IltH 
indlll r?gYbbTl#^n'5DNA»f)T-^<£:'^t»ii:Ty^X^ K^::^3'-pT 
V r 1 8N (^Sitttl^) ON c o I - H i n dill Y^^\-^^^ThMio - 
cd:/7X^ K^pF 1 Nc - 2 t^^LfCo ^y^xa F^t^Off ADNA»fM-® 
PCRTlfiliML/iMTO, ;^7^:t + i/S-eiSSie^J^5S^^U PCR{r^ 

(5) <tl2F l^p°n©iilS[ 

IIJ(B{?»J 5(4) T#btl/c7'^X ^ Kp F 1 N c - 2 TJ^Keil^tl/i:^!!® 
JMl 0 9> Escherichia coli JM109 / pFINc2 ^1 0 O/^g /inl®T>t''> 
•J >^#tr2 'J >;/ h^POLBitft^T- 1 Bi^F^^S^ffo/Co m®^, 2 ( 

1) tif l;:^j£-CMa±?t^S^3 3mU#/-Co CO^^S^/<>y 7y-D 

3 8 
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(5 0mM pH8. 0, 2mM 2 - JliJZf h J -iK 

10% r'J-trn-;l/) -e^^fbt/cRE SOURCE Q:^5 A (7 7>'l'V'> 

y ^f-^n-otzo |gai{i> 0-5 0 OmMONa C 1 Sl^iiS^IEdi: o/c 
o F 1 Ii3 4 OmM NaC \ (DtZ^rmiH^tlfco 
F 1 ®^^«i6TJ#^>n/c 1 OmlO^^^JS^. -t?> h U 7n- CF5 0^ 

m^rmi^bfi^^. PD-1 0:^7^A (y rJl^^i^l'^W r^<yyr-Dizm 
^b. 3. 5inl®i^^lS*l^b/<«y 7T-'e¥ML/^H i Tr a p Blue* 
vl. (yrJl^i/T^m {zmbtzo FPLC->XxA^ffl^.^T^^'7 7T-D•r• 
ijyJ^^mi^btzm. 2M i^fb:^- h 'J 7T-D-rF 1 ^^aib 
/•Co - 5 ml^. -t > h 'J □ > - 1 0 ^fflV ^T^$S b. 1 2 0 /z 1 O^ltjS 
^2mM 2 -y>'l/3!7:/hx3'y-;k 7 5mM fIYb:h h U 't? A<&-tt; 5 0 m 
Mh UX-ii^. P.H8. OT^Mb/cSupe r d ex 2 G O^JlMMtf^y 
A (y rJiy-^i/r^m) tr^L/co 7 y-T^m^firo/c^^, F 1 (i 

( 6 ) x4=- 7 7 ^ U T — tf^ttOffl'J^ 
F lit l5^D°aCD 5 • ^3' SO' 3' ^5' x4^7 5 ^ UT--tr"Stt^ii(TOcfc 

K^:?:5'-pUC 1 1 9 (Mi^thlS) ^> Sspl (SSitifc 
H!) •e/gfbtTT:^n-7.y;l/mm'a<l&C^U 3 8 6 b pODNA»rH-^'!r;U 
/()>blliRU. tSSUZ-wo CCDDNAfflrfrcDB' (r-="P3 -ATP 

. #^>n/i»^P-^^DNABfK-*5' ^3' x+v ? ^ bT— t?-?g'ti^aifflS 
ntbxmmbtzo tf^. ZfyXi K^i7:57-pUC 1 1 9 S a u 3 A I ( 

3 9 
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^riiSttS!!) Tm<tU W'btitzZ 4 1 b p©DNAirit^±iBI^«{rlliK;- ft 
mttco ^<^iz. {a-''P) -dCTP (Trri/i-AtfclS) t^i^J^yy^ 

/yv (^sitttis) ^m^tc^mmms,mi^.k^. ;©DNA»rM-®3' 

cn'i®^^DNAifH-2 ngSC>'A-DNA C^fiifettS?) ^Haelll ( 

^m^^M) v^^mitu mihtifcm<m 12. 5 a gso'±E©F 1 ftis^ 

n°a^^tnO/f ICDKM (2 OmMh'J::^-iS^. pH7. 7. 1 5 mM M 
gCl2. 2inM 2-/^lti':rV:r.^J-Jl)^mmb. 8 5''CT2. 5. 5 

3' 77:^7 UT—tr'SM^{;{i5 0 f mo K 3 ' 5 ' x+7 7^UT 
— tfSttffld^fCli 1 2 5 pm o 1 OF 1 .ttl2«°a^finx.yio Ctl^O^^^H 3 

^•To m^. Wi%\t^wm? iiti!i^a°D(woi>T. e^iiF iitis^a 

fC, ^:^BJ®F imi3^D°Blis 5' -*3' J^(>*3' -5' x4^7 ? ^ UT-^rS 
S'|4li> 3' -*5' X+7 5 UT-HfS14{rJt-^T^tl5 0 Ojg3^:'3r^'2)C: t 
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mmm e _ -- 

o mt(^mA-vmnbtcXh a I :^-t?7 ^DNA l ^zl ^^Mttr, 1 0 Opmol 

0- yy^^-F 2 - 2Si:>'2 0 pinol©:^-t >y h^y-^-^-C I ^fflV>T 1 Hi® 

p.CR^m\ ^ihiz^ ^<DS.JZMi u\ ^mmtbr. i o opmoicDy^'rv 

-F 2 - 3 SO' 2 O pniolO:«7-b«y h:/5-rv-C 2 ^ffll^T 2 HBO P C R^^T 
o/co C0 2[5I©PCRI'{i. P f u^KU y 7— eC^Mb/Co 
SO'Klx:^^<^^J[i(T(:::^1' : lOmM h'JX-IMi?. pH9. 2. 7 5mM 
KCK 3. 5mM MgClj. ^n-etlO. 4mM dATP. dCTP. 
dGTPSO'dTTP. 0. 1% h'Jh>X-100. 0. 0 1% BSA. 
SO' 2 . 0 m^O P f u 'i^* 'J y y --tfC 1 G 0 A£ 1) . 9 4 'C ( 3 

0#) ~4 5°C (3 O&O ~7 2-0 (2^) ^l-9-^i7>'Ui:Ur l[ilg{i3 0-9- 
^-i?;!/. Sfc2lilili2 B-tfl' ^^'-'t/OSlS^tf o/Co iiiliUfc*^ 2 5 0 b p®D 
NAWrK-^T'^X^ K'<i7:J'-pUC 1 1 9 {i-y-^'^J'n-ziyrU -eODNA 

SBjij^j^^L/c^. nihtifzm=^htiz^mmomnm^ : 2 3So^2 4{i^ 

©igSi2^J^^-r:/^'rv-F 2 S 3 SOT 2 S 4^'^fiSL/;o coy^-f v- 
^fflV^Tv HMJlTiKSLZ-cn::?:^ FDN A^MC P C R«-m\ F-2it{E 
^^■ttr:^;;?; ? K;?D->^^tRL/co P CRiZ\-t. mmtLX? f u DNA 
'-i^'J y 7--tf'^ffll\ ^§-2 Opmol®:/7-rv--$-ffll^, ^»J5 (1) t^l^^ 
m^mmv. mAiQ AV (3 0#) ~5 5'C (3 0#) --7 2"C (2^) ^ 

1 - y-'T :^;l'^:-r'S 2 5-lf'1'i7>'l'Tlf o/Co C©igm>No. 17 2©=ix^K!7 
a - >ir F 2 it{Ei^7&-<^ * n ^ :: 1 7&-«^7:>^ o /Co 

(2) F2itiK^-©-tf7'^a-::i>r 

4 1 
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mmmA ONhe I/Xb a IRV^Xho I/S a 1 I i7-ty hDNAcD-en 
-eni // 1 ^HMC. :/5>rv-t LT#2 Opmolt^oOF 2 S 3 tt/-\zy h:/ 

2XI±F 2 S 4 ttf-ty h7*5>rv-C 2^fflt^TPCR^tfo./co 
PCRIi.^^CPfu DNA*°U y ^--t?^fflV\ ^WJ5 (1) tmi^M 
^(DKmm-C\ 9 4°C (3 0©) - 5 S-C (3 0#) ~7 2°C ( 3^) ^1-9-^ 
:7;t/i:^a 5 O-y-'T i^^USC&^^fofCo ^CDlSm. F 2 S 3SO':^-tr <y by^>r 
v-C 2CDy5>fv->^r'!i> Nhe I/Xba ISO'Xho I/S a 1 I:«7-t 
«y hDNAO-en€n(^ol>T*lj7 0 0 S:C>'*^1 4 0 OhpODN A^fff^mmb 
tzi)<. F 2.S 4:RO':^-tr>y h^^-r v-C 2 CDT'^'T v-^fTliDNAOiiiliUi 
%'btlflf)^'ofzo zhizX^. Nhe ISD'Xho I ^-^ Mi> F2S4:/7^ 

No. 1 7 2^Nhe I T'?N{b fr#t)n6a*ODN ABfK-*^<9 
aiU K^:7^-pTVl 1 8N {rif 7'^ n-^>r b 

fzo m^titz^n<:n(Dmm^:fy:^i K^i&Si::> F2S3Si:>'F2S4^:/ 
v>rv-{iffll>TPCR^tToTF 2miKl^i)^^tEt^^^i^oip^m^fzt:i^ 
. *tl8kbCDNhe I »fH-J::F 2 itfEi^7!)-<i?S-r^ C t U/Co ^CTC©N 
h e IBrfrT&^pTV 1 1 8 N{ria^iA*n/cfco€-:/5X ^ Kp F 2 1 7 2Nh 
t#«Lfco^/c. CO^^;:^^ K{I^Sn6^fADNA»rfr{Co^^TM,K^^ 

m^iz^^bfzMmmmm^i^tlz^ fy:^l KpF2 l 7 2Nh^Hi nd 
III Tm<tbX. BkbCDHi ndin Brfr^^O <9 ffi t/^;^^ K^^i' 

-pTVl 1 8NlZ-*)-^^a-::Ly^tfZo #bn/c^^X."/7 X $ Ktrol^T 
. F2 itfEi^O}fA:^I^^il^/ctc;5> -r^T^i':?'-® 1. a 0^0^-3^- 
(r)i*LTiJ^:^Ifi]{r}f A^tlTl^/co ZOy^X^ F^pF 2 1 7 2H I 6 t^^g 
t/io ^©y^X^ K-eJ^Kfegl^n/c:^lg»JM 1 0 9. Escherichia coli J 
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Ml 09 / pF2172H16(ro^^TF 2 (Dm^^m^t^i)\ iS^3i,LTl^4-75>_oyco" 
CT> F 2itfei^^^^:5'-{w*fLTiE:^rSl(I^^^6/i26(r. pF 2 1 7 2H 
1 6^H i n dlll RV^E c oR I vm<tl. mOiH^tlfcH i n dlll -E c 
oR imii^-fy^i }^'<^9-pTV 1 1 9Nd (^M^itmozTy 
^^J'-pTV 1 1 9NCDNC 0 I-9--r h^Nd e I iZ^^LfzhO) Izm^Lfc 
o nhjtltzdWk^zry7.l K^. pF2 1 7 2HE 1 1 t^ig U COT'^X^ 
KTJ^Weei^n/c:^craJM 1 0 9 ^Escherichia coli JM109 / pF2172HEl 

( 3 ) F 2 ^D^aOliS 

(2) -etf i^n/c Escherichia coli JM109 / pF2172HEll 1 m 
MCD I PTGSCKl 0 0 /ig /iiil©T> fi/i; y^tts 2 'J 7 h;t/©LB^ife4' 
■e i 6M^ftt/io ^M^N lt*:^2 3. 4inl©V-y-->3 >'^^'7 7t-(I 
IIJIM2 (1) tmmoljmvi 9. 5inl©Ma±^^S*f#^Co i!)^^ 
, 7 T-D-e¥'#fbt/cRE SOURCE Q^^AC^U. F 

PL Ci/Xx/.^ffll^T^nv F 2 (i. RESOURC 

L/iF 2®^2 2ml^. 7 y-D-e^ML/cR E S OUR C E 
S5?75A (7T>'Uvi/T«:S) (Ifi^t/Co F P L C ->7L7^ A^ffll^T. 0-5 0 
OmM NaC imi^mm^mi^'jmiiiU 17 0mM NaCl©<tC5(r 
M^n/cF 2®^*#/io ::©®4^-t> h y 1 OdckoTliliL. # 
btl/-c7 5 // 1 ®2^W*2mM 2 - hx^ y -;k 7 5mM JMft 

'J'!7A^#t;5 OmM h 'J X-Jgij?v<.y 7 r- (p H 8 . 0)"eTOYkU 
/•cSuperdex 20 0 '!f>'l/iiii:^ ^/^{l^U/Co 1^ >y 7 r 
ffo/c^^. F2{il^l 2 0^Dy;L'h>Xli*^4 ^Jl V ycD^^&iZ-^ 
^t-'Stifid^ffi^n/co C©^3-^M{i, F 2 75^6X{i2»(*^Jgfi!cL/-w^-^(i 

4 3 
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(4) F 2^^^^^t:DNAm}fo^mmm(Dmz 

±^fyXi KpF 2 1 7 2HE 1 1 ©Jf ADN ABfK-®^»E^J^i^x:t+ 

i/mi^^-ox^^bfzo mmomnm^ ■. 2 5(r#^n/c^s@2^j©^*. 9 5 
^5^u/itc6> til^1t©^6 3^>^^•^7M{iI.bn''«i:;^>^o/;c 

(1) F4itiE^^^^tr='X5 F^n->©ii^ 

lllil«?i)3"e#^n/cF 4©N5|?^T^ yiei2?nj;£.fet(r. iE^Jg©iS^J#^ : 
2 8Z^CK2 9(r-eo^Sffi^I^^f T'^'Tv-F 4 - 1 S?>*F 4 - 2^'^^b/c 
o mmmAOK l n dlll ^-t'y hDNA 1 ul ^mMtbX. 1 0 Opmol©7' 
5>("7-F 4 - 1 SO' 2 Opmol©:^-tr7 h^5-rv-C 1 ^ffll^T, 1 (lIi©P 

CR^m^> ^©st&?^i 1 ^mmtbxF a - zRm-ty hr^-rv-c 

2*ffll^T2llIg©PCR<&tf ^/co PCRIi> ^^i::P f u DNA'-KU^.^ 

-•tf^ffli\ mmm5 (o tif bMfig©SEC^i5-e> si^^iis 4°c (3 o#) - 

4 S'C (3 OtJ?) ~7 2°C (2^) ^ 1 -y-^T 1 bT> 1 llli^3 0-9-^' i^^'t/ 
. 2IiIS<£-2 5-9-^ ^^U-riT^/wo ::©SCdCc):0> iiiPIL/;*^! 1 0 Obp©D 
NA»rH-*:/7X^ F^:?:5^-pUC 1 1 9 (rif^^^ D-->r M42^c;R 

4 4 
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lE^J^^f T/^'f-T-F 4 S 1 Sa'F 4 SZ^^^bfCo -®F 4 S 1 SOT 4 
S2Zfy-('7-^m'X. HMMl-eillSt/c^i::^^ KDNA^^SCPCR^ 

pf u dnajj^'j ;'7--t'^ffli\ mmm5 (i) i:i^bmfi£©sra-c> 9 

4 "G ( 3 0 #) - 5 5 'C ( 3 0 ~ 7 2 "C ( 1 ^) ^l-^^^ JltT^ 3 0 if 
^ i^^lOKm^n-ofco C®i^m> No. 1 6, 2 6^ 8 8. 1 1 2> 2 5 0. 
2 6 9, 4 2 7Sa'4 5 1 ©=1:^ ^ n- >{r F 4 itfe^^A^-^* tl^ C tT&^t) 

lll!il0tJ4©Xb a I t-bv hDNA 1 1 =§-2 Opmol-focDF 4 S 

2SO'5!7-t7 hT'^'Tv-C 2*fflV^TPCR^ffo/co PCR(i. S^^trP f 
u DNA t'*) - - tf^ffll\ 5(1) l;Mfi!c®SC&^S•e, 9 4 *C 

(3 0#) ~5 5'C (3 Og?) ~7 2*C (3^5-) ^l-9-l'i7>'l'i:b/w5 Oif-fi? 
^KDm^^n-ofCo -eo^m, F 4 S 2 t:^7-t?^;/ h^^^v-C 2-e*1j7 0 Obp 
©DNAirH-T&^iiiliL/io ^/c. Hindlll :<7-t?y hDNA^^C. F4- 

2 t7!7-t?«7 h:/7-rv-c 2^fflv^T> i^fi|o^#-ePCR^tT-o/-c^c;5. 

110 ObpODNABrM-Ti'^liilBb/co cn^O- t7:>^'i> 1 . 6kbOXb a I 
-Hi ndlll mffi-^F A^&^f}<^tEt6=.tf}<fm^tlfZo ^Z.X\- 
KNo. 1, 6^Xb a ISC>'Hi ndlll -e^^bU 1. 6 kbUj^ODNABfH- 
^^Offit. pTV l 1 8N^^3'-(w-!?-7'^n-->/L/Co #'^)n/w^n€ 
n©MSIX.'/5;^^ K^IIS{w. F4S 1 RD^F 4 S 2 T'^fv-^&fflV^/cP C 
R{rJ;0> F 4 itfci^©^ill<£-il'^/io '?:©Mm. F 4 itfe^^^ti- 1 . 6kb© 
Xb a I - H i n d III ^W^'^t^rfvT.l F*^f#^n> cn^:?"^^ ^ Kp 
F 4 - 1 - 4 t^^b/co */c> ZOfvXl F(::ol>T. N c o K E c oR 
K BamHK Pst U Sac ISO'Nd e immmmmit^^-^iztz 
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(3) F 4iifE^^^^trDNABrH-®iSSiE^J®^^ 

±£7^7 X ^ Kp F 4 - 1 - 4 Ojf ADNA®fit®lMS@S3^J^> 'J'ft^i/m 
lE^JSOlB^nj^-^ : 3 2{C#«^n/ciiSiB^J©-5*. 1 0 1 2 bpCDSS^J^^-To 

^igsse jij ^mmbtzi^^. f 4 © n ^ss r ^ y jij w-r § ^i— :/ > - 7^ 

^iE^J^©.Se^J#^ : 3 3(1. itig£S2^i7&^'^)m^^n§F 4 0TO]S'l 

©T ^ y^E^J^iS^J^©@Ea^lS-^ : 3 4 (C-en-en^-fo C®T ^ yi2i23^J{I 
ot^T. Et^©:? >/N°^^W®T ^ yi?Sii^Jt©'^tD-:;-^^^L'/ctC6v 
1^ tt© fc <5 > ^ ^° ^ ^ li^ ^ tlJ^i: o /io 

( 4 ) F 4 ^lia-r-S /cto©-/^ X = K©^^ 

ll»J7 (3) (lE®©:/7>^^ KpF 4 - 1 - 4^^at U IS?nm©S25>J 
3 5(r^®igSIS^l^^-r:/^-rv-F 4NNd3tUfSS^m©@2^J#^ : 
3 6{C-e©igSiE^J^^-r:/5'l'-7-F 4 CE cJ^fflV^T. Pfu DNA'-KU 
y^y—ifiZXi). mmmz (O tl^l;Mfi£©S):c:^lST-PCR^ff-o/co Sf&^ 
W^&.TiZ^t : lng©IISDNA> 2.0pniol-ro©i^:/-7'rv-^1s!ffl. 9 4 
•C ( 3 0 ~ 5 5 'C ( 3 0 - 7 2 'C ( 2 ^) ^ 1 -9-^' ^ JVtt^ 2 5 If^' 
^-'I'SCCo mm^tltzm^ 5 Obp©DNAE&rH-^. Nd e I SD^E c o R I (t 

^iz^mmitm) rm<tbx. #^>n/cDNA»rH-^±ie©-/7;2;^ y^:7^- 

pTVl 1 9Nd©Nde IJ^O'Ec oR ]m\Z^^ih^fz.'f^7.i KpF4N 
d-6^fFS2Lfco m:/^:^^ K4'©J¥ADNABrK-|i-:?x:t+'>&T 

4 6 
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mmmi (4) vm^ntz^yxi vpf ANd-evmwu^^ntzxmm 

JMl 0 9> Escherichia coli JM109 / p4Nd-6 1 0 0 US /mWryf 
i/'J >^^t;2 'J «y y-JlOLBmm^Vl 6NFTO#L/io Mi^^ 3 3 

: 4inlCD7-'y-'> 9 y^-^'v 7 T-d^ffiU. Ill!i0!l2 (1) tl^^©:^&'e2 

OURSE QtiyAlzmb. F P L C i/;^x^^fflt^T^ a v h 7 >f 
^fo/co i§ai(i> 0-'5 0 OmMONa C 1 iiMS^iB(wJ;?)tTo/Co F 4 li 
3 2 5 mM Na C 1 O^ltT^ffi^n/co 

F 4ii^^m36Tf#^>n/i3mlCD^^S^. P D - 1 0 * 5 AT 1 5 0 mM N 
aC 1 ^#tiV<«;/7r-D(3lglU 6. 9inl0^?^^l^b^<7 7 r-Tf^Wrt 
L/cHiTrap Heparin *5A{w^L/io F 4 {i. H i T r a p 
Heparin :«7 7A{riS#$n-r. :^7 7A^^3i(9 b/cF 41i^7. 2inlir 
MC/j:-2)J:-5(w (NH4 ) 2 SO4 *»l>/-Co ccd^?K^. IM ( 
NH4 ) 2 SO4 ^'^t^^<yyr-DVW-W<tbf^}i iTrap Phenyl 
ijyA (7T>'l/Vi/TttS3) izmbfco FPLC'>XTA^fflV^T. 1 M> 0. 
5M (NH4 ) 2 SO4 •V'^tl^titiyl.^mmk. ^<'yy 
tUb/co C©®45-5nil^-t> h ij 3>- 1 OfCckO^^t, f#bn/-w7 6 // 1 © 
^«S?e?€-2mM 2 -y;t/;^7'hx:5'y-;k 7 5mM NaCl^-#tr50m 
M h •JX-fgi?/<>y7T-> pH8. OT^^^bL/cSu p e r d e X 20 
oy;l'i!iii:^^A(C^L^Co l^l;^<<y.7 T--e^£B^ffo/-c^m> F 4 
*t3 9+n:J';lh>{ClS^-r'5{4S{r^gai$n/co C©^i^»li> F 4 2 U 
< li3«i*^J^fi£U/i^-^(rffl^-r5o 
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( 1 ) F 7iHE^^*^t;=iX $ Kr?o->oil»? - 

o mmm^-cm^btzH i n diii :^7-t-y hoNA 1 ui ^mmtbx. i o o 

pinol©F 7 - 1 0 pmolO*-t h7°^-rv-C 1 <^:fflV^T. 1 IlIi©PC 

R^m\ ^(DKmmi u\ ^mmtx^x, i o opmoio^^-rv-F 7- 2S: 

i:>'2 OpinolO*-tr>y h-/5-r v-C 2 ^ffll^T. 2 HI i© P C R ^tfo /co HEd 

^i^oMfiJcsa'sie^i^iiM^fj 6 ( 1 ) tmrnv^f-^f^o itust/ciiis 3 obp© 

DNAKfK-^. y^X^ K<^':5'-p UC 1 1 9 {C-*t7*^.D--y ^ ^SSB 

i^SiE^J^/T^f T/^'Tv-F 7 S 1 RVfY 7 S 2 ^-^fiicU/co cn'iO^^^v 
-^ffll^T. ^WJlC^L/cPX^ KDNA^IIS{rPCR^m\ F7jtfe 

^^#tr3x^ Y^^-y^m^hfzo pcRji^ m-mthx?iu dna^j^ 

'J ^7— tf^ffll\ IISS0tJ5 (1) i:IH;Mfi^©S)SJST\ SCE^liS 4"C (3 0 
m -5 5°C (3 OtJ-O ~7 2°C (3^) ^ 1 i^-'T :7 3 0 if-C >'l'-rtf 

o/co C©*gm. No. 1 5> 9 6. 1 1 4. 1 6 7. 2 7 7. 3 4 8. 3 8 6 
. 400. 41 9. 456. 457 3^0'484©=iX.^ F:?D->(rF 7it<ST- 

( 2 ) F 7 itfei^©-^-:/ :^ a -r. > r 

^ifi^J4-eiiSb/cH i n dlll ^-tr^;/ hDNA 1 ii \ #2 ppmol 

-ro©F 7 S 2 3^!:>':'!7-t?7 h^^-T v-C 2 ^ffll^TP CR^tf o/^o PCRIl 
. mm\Z?iu DNA=^°'; /^--tf^ffll\ HSI^iJB (D i:l^l;Mfi!c©St& 
9 4 °C. ( 3 0 #) ~ 5 5 °C ( 3 0 S'O ~ 7 2 "C ( 3 ^) ^ 1 ■y-'T ^^ ^U t L 
/c5 0-9-'f'^;l/©SE£:t L/co 'e©^^. Ill 9 0 0 bp©BrM-7&-<iiiPi^n. ; 
C©^||tllWJ8 ( 1 ) ©F 7 -2RXlti^'y hT/^-Tv-C 2-e©iii|g©M 

4 8 
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^tll. OkbOHindlll miii^F 7 miil^^^^^t^ ^ ti}<^m^ 
tltco -ecT. [^itfe^-^^tr=i7. ^ K7i^^ffiE(rjlO*aiL/cNo. 1 5^Hi 

pTVl 1 SNtrify'^n-r-^rL/co f#bn:^w'en'encZ)Mg^x.:?°7X $ K 
^lli9{C> F7S lSO'F7S2:/^^v-^ffl^^/cPCR{IcfcO. FTit^s^ 
©Wii^ii'N^/c t C 6. 1 kb©H i n dlll »fH-(::F 7ite^7i^•^tn'S C i: 
mmbfco CODNABrK-4'©F 7afe^*^pTV 1 1 8N^^':5'-0 1 ac 
^^n^-^J'-OTSfSConfTi^o/cT/^X ^ K^pF7-HH-l 8. 

^ K^P F 7 - 1 - 8 t-en^n^^U/^o COy^^^i 

( 3 ) F 7 it^^^^t-DN ABrH-OiSSeS^nj©^^ 

±S©2a©y7;^^ K^d:^D'{wCn^)©:/^x^ Ki;O^0^9/cLYcB amH 
I-Hindlll > Ndel-Hindin . Hindlll -Nde I SO'H i 
ndlll -BamHmH-^> ^MWyT^l K^i^iJ'-pTVl 1 9NdC 
^zr!;v-^ynfz-:ryxl K^fPlSU -e©Jf ASI5^©i^£i2^J€-':^r^+ 
'>j*(rJ:O^^U/co cnb©^m*«g'^tT#^n/i±l2©:/7X^ K©ifA 
DNA®f>T-©iSSSE^J©'5*>> 9 8 9 bp©ra^l2^Jg©l2^J#-t : 4 1 (1^1" 

o mmmmm^rnvrbtzm^. f 7©n5^ct ^ jmw.m^^t^t-fy 'j -x 
.fmrnn^unmomn^^- i {i-en-e'n^t-o $ y ®!iE^jtsEffl©:5' > 

{rM4"f -SJiJSM^fJtli (proliferating cell nuclear antigen: PCNA) 
[x>;}t' i^^-i-Jl (EMBO J. ) . ^ 1 1 1^5 I 1 1-5 1 2 01 ( 1 9 

. 4 9 
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9 5) ; -j^ ri^vX 'Jif-f- (Nucleic Acids Research) . ^ 1 

8^. ^2 6 1 ~2 6 5H ( 1 9 9 0) • -fui^-^ >( y ^7. -tV 1f , 

Ttfl- ^i^Zf ■y-'Tx^x itzf -tf USA (Proc. Natl. Acad 
. Sci. USA) .^84#. ^1575~1579K(1987)] b<Dm\znm 

m^^^ntzo ^icmztmo^yy<'7'Ab(Di^mmt. ^n€n2 4. 2 8R 

(4) mi^F7^fn©iilS! 

m&mz (2) Tifbn/c:/7X^ KpF7-HH-l 8 TJ^K^J^^n/c:^ 
HffiJMl 0 9. Escherichia coli JM109 / pF7-HH-18^. 1 0 0;ug/inl© 
T>h°i/U >^-^tr 2 'J h;l/CDL B^flfe4'"e 1 B^PhI^SL/Co mW 
^4 5nil©V-y--> 3 7 T-{::^®U HSfe^J 2 (1) tl^il©:^}*T 
4 1. 9nil0mM±^!S^^#/^o ?JJ{^> CCD^^S^. 2 U h;l'©^<>y7r- 
A^«t UT2lt^Oil*Jf^3llItToyio MW^ommWiZ 6ml^^<^;/7r- 
A-e.¥ffiffcU/cRE SOURCE Q:^7i.(r#tU F P L C i/Xx A^m^^T 
^nv hy^:?^ -^^f o/co 0~5 0 OmMONaC 1 

{lJ;^f}tTo/Cc €0^m. F 7 l± 3 4 0 mM N a C 1 O t C ;5-e^m^n/Co 

F 7®^^Si6Tf#btl/i 1 OmlO^^iS^^ -tr>h'J7D- C F - 5 0 ^ffl 
^^T^i^St/c^^ PD-1 0:^7A-eiM (NH4 ) 2 SO4 <£-^tiV<77T 

ap Pheny l*^i-{r§^t/-Co FPLC'>XxX^^ffll>TlMSO\ 0. 
5M (NH4 ) 2 SOa X-mk^yl^^^^hfc'^. ^<7 7t-ATF7^^ 
HiL/co C©®^4nil^-t> h 'J =i>- 1 O^ffll'^TM^^L/io ^©ii^^ll8 0 
//l^. 2mM 2 -^>'U:«7yhx^7-;l/, 7 5mM N a C 1 ^-^tr 5 0 m 
M U y^j57 U ':7A^-«>y :7 T- (p H 6. 5 ) "r^MbU/cS u p e r d e X 
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. P f U't:U y 5— t?"C. P fu DNA*°U y 7--tf- (orSDNA^-:'; y 7- 
•If. X h7:5'i^->^IS) fox-f t7A (Pyrodict 

ium occultum) S^®Po c DN U > 7— tf I [P o c DNA*° 

'J j/^— tf K SO'IK tZ^ Ai7x'J:tn>?- (J. Bacteriol. 

)^1 77^. ^2 1 64~2 1 77H (1 995) ] (DfSB^. F 7 0«0 

D N A ^ 'J 5 — t'/gttcDSiJ^(i. 2(1) CiaifecD P f u ^- 'J ^ 7 - 

■tfC©/SMJ^j*^##(^b-rtf-:.7^Co SKCIi> Ml 3 7 7 - i^-:*:!! 
DNA (Ml 3mp 1 8 s sDNA, ^SitttS) 4 5 ifeSO-^fi^^ 'J =3* 7 ^ 
Urf^ K-e«>'SHT:/7-f v-r£-T--iJ >r$ii-/it)CD (Ml S-HTT'^-T 
V-) ^^fflb/co iS^mcDE^J^-^ : 4 2 (rHT-/7>rv-©JgSi2^J^^1- 

o 

■rnc^?^. g2(CiB®CDDNA'-^°'J y ^--tfSO'F 7^-tWf aS^^SS 0 
1 OSlS^e^ [2 OmMh 'JX-i^^. pH7. 7. 1 5 mM MgC 1 2 . 2 
mM 2- >^J\^tfV:r.i7 J-JK 0. 0 1 //g //z 1 M 1 3 - HT:r7>r v- 
> '^M'tiA 0/zM©dATP> clCTP> dGTPSO'dTTP. 60nM 
[ 'H] -dTTP (Tvi/i-Attg!) ] ^mmbX. 7 5 'Ctf 5 ^KStC^lt 

(9<y hv^ttSi) h U 5% Na2 HPO4 Tl5fe^^5llIff-:>/c^ 

5 1 
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DNA=K'jy5-4f F7 mm^n 

( c pm) 

y'yy^ I - 6 1 

7*5 yi^ 2 lOpmol 3 5 

Pfu jJ^U y 5--tfC (25fmol) - 888 

Pfu ;<5-HfC (25finol) Spmol 2 8 9 7 

Pfu jK'J ;<5— trC (25fmol) lOpmol 3 175 

Pfu DNA jJ^'J ^5— tf- (120finol ) - 9 0 7 

Pfu DNA t'*) y^y—if (120fmol ) 0.48pniol 13 6 3 

Pfu DNA t'^) /y—t' (120finol ) 4.8praql 16 3 7 

Poc DNA '-KU y ^--tf I (74pinol) - 6 2 

Poc DNA ^' U 5--tf I (74pinol) lOpmol 6 9 

Poc DNA ^'^) /y—^'U (6.0pmol ) - 4 3 3 

Poc DNA JJ^'J /y—^'U (6.0praol ) lOpmol 14 4 3 



mi^s^yy<^mtbxom^^to 
^ibizry-c-^-wmmm^-^^^rmm^mn^^n'^fzo m^tbxui 3- 

HT:r7^v-^ffli\ :/5^v-05' [r-'^P] -ATP (Tvi/ 

5 2 
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■tfC, (2)1 SfraolOP f u*°'J y 5--tfC + 2pmolCDF 7. (3)0. 2 4pinol®P 
fu DNA^KiJ y ^— 1?\ ® 0. 2 4pinolOPfu DNA^-KU 7--tf + 0 
. 7 8praolOF7o Ztiibomnm::. ^M'tiO. 0 l;Lig/jL£l (D'^FmWi 
M 1 3 -HTy5>rv-^#t;9 nl OKft^m ( 2 0 mM h 'Jx-^if (pH 
9. 0). 1 5mM MgCl2. 2mM 2 - ;f JltfZf h J -Jl. -^tl^ 
n4 0//MOdATP. dGTP. d C T PiSCi^'d TT P) »Jn U 7 5 °CT 
2. S^F^XIiBOTSlS^-li/^o SCE^^^Tm. S^^^^^7K?^ LTStc^^^iU 
. $ b(r 1 A(l CD2 0 OmM EDTA. 5. 5 //I CDSIS1^±^^ ( 9 5 ^t^^t/ 
AT^H\ 2 0mM EDTA. 0. 0 5 %:/o^7 x y 0. 0 5 
%4^-/U>i/T>'-;L') ^1lDX.T. 9 5°C> 5 ^^lOHft^ti^aa^fi'o /c, CCD 

A^ia7{r:^-ro 

m^. P f u-CSO'p f u(i. ^M'tlP f u^''J y 7-4fCSO'P f u 

OKmmm^tifcm^^yr^iro $^>(i, g^'MOU-Xi. A-EcoTl 
4 IfgrbigO (^SittfcM) ^ [7-="P] - ATP (TvS/i-AtfcS) i:T4 4^° 

miiZ^-^tl^Xo^z^ F 7«JnLnci^^'^. P f u*°'J y 5— t?"C-e{i3 

0 0^6 0 o^mm^<^F)NAf}<^^£WS:M^r'i>?><DizMb. f 7 7&-^^ira$n 

5 3 
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(Dm^f)^m\ibXl^?>o tfc. Pfu DNA'i^'j ^'^--tf'Cli. F7cD«(r 
^'^XW^M^(Dm&tmb<mSi^tir\.^tzo C9bT. F 7 f U'-K'J ^ 

-HT^^^v-^SKt U/ct^cDP f u^*'J y 5--tfCS.O'P f u DNA 

oTPDrb^Co ±EO0~@®^<EF^S# 1 ;ul ^«^2ilgO. 0 I ug /fi\ © 
M 1 3 -HT-/7-rv-^-^tr 9 A£l OSiSfS (2 OmM h U X-:^^. pH 
9. 0. 1 5mM MgCl2\ 2mM 2 - / JltiZf h:r.^ J -Jl. ^tl^'ti 
4 0 /zMcDd ATP. dCTP. d C T P:50'd TT P. 8 4 nM ia-''? 
] -dCTP)^»U> 7 5°CT2. 5 ^KStC^-lir/co KlZ4^7'ik. 7K?#t 
/cSCE^Jdet- 1 . 1 1 X£l ©2 0 OmM EDTA> 1. 2 3;al© 5 0 0mM 
NaOH. 2. 4 7/zl 0 6{giiSn-7=^ Vi7V<,y7T- (0. 125% 7' 
D^7xy-;t/^;l/-. 0. 12 5% 4=-v/U>;>Ty-;K 9% ^^)-ta- 

04^. p f u-cso'p f uli, -en-enp f u^ku y v--tr'cso*p f u 

-enr 7^i¥^£TRo'#aTT#^>n/cis^^^-ro Sff". mcdl/-> 
(i. ±iai^^ic5^s^f^^n7t A - E c o T 1 4 1 m<mx^^o la s {r^^n 

P f U'-K'J y 5— trCOii-^. F 7^i?ffiTTIi2. 5kbM(r#:g 
i^<^©??l^'>rf->'l'75^I,bn^O«C*ft. F 7i?ST"eiiM 1 3 s s DNA^^ 
^(I-Jgt/c7. 3 kb©i/r•:^>'^;:»•«I,>^)n/•Co *^i> Pfu DNA'-^'U^^ 
— IfTliF 7??lET-e2. 7 kbfti£(cs/r^;l/*<^'^>n§ F 7^??^T'e{i 
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mmm 9 

(1) RFC /h-9-7*:i-«y hCD'1^^D-r^=3- Kf '5itfE^^#ti'='X ^ K 

^ J ^vljy- 'J^^'^ (Methanococcus jannaschii) cDRFC. /Mf"/^ 
-7 hOT ^ JW^n ['9--rx>X (Science )>II273^. ^1 058~1 
073M( 1 996) ] {rol>Tv ftfe©^'^S*©R F C (RF-C) 

5fcJ60^^-rv-RF-F K RF-F3. RF-F4. RF-RK RF- 
R 2 . R F - R 3 RO'R F - R 4 ^-^^ b/co EMSOSE^J^^ : 4 3 ~ 4 9 (I 

t)-ti:, h-n3>;,;57X 7 'J ^J-y-:^©^^ ADN A^UMi: b/cP C R<&fi^ V\ R 
FC h^=3- K-r-Sitfe^o^j^^tf-ofcc ::£DPCR(r(i. P 

fu DNA'-^*'J y 7--lr^ffll\ 0. 2 5 gOUSDNASCh*^ 1 0 Opmol 
■ro©7'7^'v-^ffll,>T^ ^li#>J5 (1) tl^^©MB!c©SCC^Ttf-5 7to R 
F - F 1 SO'RF-R 4 "C 1 lsIg©P C R^tf o/c^-^lt, Z©S0J^ 1 //I "f 
o^HMt LTRF-F 4SO'RF-R 4. XliRF-F 1 iJ^O'RF-R 1 ^ffl 
(,^f-:2Iii©PCR<&s *7i, RF-F lSO'RF-R3T-liIiOPCR^^f 

KCc^^^l x^l -ro^USi: LTRF- F 3Sa^RF-R 2 
/c2Ilia©PCR^^TV\ 'en€tl^1j2 4 Obp. 4 ObpSO'^^l 4 Obp©Ji 
i|gDNABrit^#/co cn^©DNA«TK:^^n^"n^7X^ K^^^-pUC 
1 1 9(i:-9-7'^n-->rLv ^©fMSie^J^^^b/^^. t#>>n/c@E^i^## 

ffi^i^©se^i#^ : 5 0-^5 4 (i-en-eni^sse^j^^f :/^'rv-RF- 
5 5 , 
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SI > RF-S2> RF-S3. R F - S 4 ^O'R F - S 5 ^-^fiSL^Co C<DR 

F-s iz^c;rf-s 3 7'7-rv-<£•ffl^^■r. HJi^ji-rPSL/i^x^ fdn 

A^IIS(IPCR^^f^/\ RFC /h-tf7*^^y h©*^n-r^a- Kf Sit 
fs^^Wf -S t#;t^n'5=ix^ K^'n-y^iitRb/io PCRirii, TaKa 
Ra PCRTV:/<J >+>y h^fflt.\ RCCti 9 4 'C (3 0#) ~ 

5 5'C (3 Ot!>) ~7 2°C (2^) ^ 1 ■tf'T U/c 2 5 •9->r :?;l'T'?fo7to 
ZOm^. No. 2 5 4. 3 1 0. 3 1 3. 3 7 TSOM 5 8©3X^ Ki^n- 
>(Ci6*J©jtfe^ (PFU-RFCit^E^) 7:>^^^n6Ct7!?^t)7&^o/io 

(2) PFU-RFCiHE^CD-9-7*^a-^>r 

mm&UVmnifzXh a I SO^E c o R I >y h DNA 1 g^^Md. 
1 0 Opinol©RF-S 1SC>'2 0 pmolO^-tr h 7*7 v- C 2 > Xl± 1 0 0 pin 
olORF-S 22tO'2 0pniol©:<7-b>y h7*5-l'v-C 2 ^ffli^TPCR^tr-^/c 
o PCRIi> ^^{:P f U5f:'J tfC^fflI.\ Uli^Je (l) 

(DKmmr. 9 4 'c ( 3 o s?) ~ 5 5 'c ( 3 o - ? 2 'c ( 3 ^) ^ i -y-'T ^ 

)lft6 5 0 ^'^lOKm^n-^tZo -ec^ms Xb a I :^?-tr7 h^^Mirt 
/c^^C. RF-S lS0^:^-tr7 h:^7^^-C2T^^2kb©DNABrfr7!)^ E 
c oR I :^7-t?«;^ h^mmtbtzm^iZRF-S ZR^tf^-j h'fy^'r-C2V 
mi. SkbODNABrfrT&^iiiUb/co cnf^ODN AWrit^. -eti^'n^'^X^ 
K'^i^rJ'-pUC 1 1 9 (C+l-T'^o-r.y^U #^n/-wMglX.7'5.X i K^p 
RFSXS 1 - 2 eSO'pRFSES 2 - 8 tid^btzo zn<h(DZfy K© 
mmmmm^r^^ t/cigm> NdelJlO'BamHI-tf^hli. PFU-RF 

±12 ( 1) ©5 :?n->©aXi K^. -en-enNd e IRV^BamHlvm 

o ZODNA»fH-(wPFU-RFCitlEW??^t-'5i:^BL. ;?a->No. 

5 6 
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2 5 4 fi^CD*^5kb0Nd e I - B a mH I Krfr^^t) Hi tT> JiEOpTY 1 

MeSI^*:(rol^T, RF-S 1 SO'RF-S 3 r^-T v-^mi^T P CRtri: 0 
PFU-RFCmfe^oWil^ll'^/.iM^^ CONd e I - B amH imfii^P 
FV-RFCikiR^f}<^^t6Zti)m^Mbtco -ecT. CONde I -Bam 
H I»rK-;!)^pTV 1 1 QNd^i^ ^-izm^ThttlfzhO^'fy:(.i KpRFS 

m^c^^btzmmmmmm^^ti::, prfs 2 5 4Nd Bi;OJKiT{c^-r:^ 

jST^KK-^^U^aiL. pTVl 1 8N<:?>- (MititS) 
>rU/co S-r. PRFS 2 5 4 NdB^Xba mo'S a c IT?^{l:Lr#^ 
n-S^^S 0 Obp©DNA»fH-s Xb a IRmco irm<tLX^ihn?>m2\ih 
cDDNA®rK-^ nc^>a'(rN c o I SU^B amH I -e^grbUTff^n^^tl 1 . 1 kb 
©DNAffifK-^-en-enifSSU Ctlt)tSac ISO'BamH ir^^t/cp 
TVl 1 8Nt^2i'^LT5-Yy-'>3 Smx.:/^;^^ K^^^L/c 

o CO^vX^ K^pRFS 2 5 4 SXNB tif|rrSL/co 

(3) PFU-RFCit<Ki^*-§-t:DNA»rH-©i^SiE^JO*^ 
ll»J9 (2) vmitltc-fy^i KpRFS 2 5 4 N d B {l-g-* n^Sif AD 

: 5 5{r#btl/ii^SiS^J©9*.3 6 2 0 i^S^f^Oia^J^^-fo C©JMSiS^J 

J; 0 c ctrzj- v^ti^^y^<^noT I ymmm^m^u cn*M©R f 

C /Mf7'a.->y h©fe©i:itl5!b/c^^> P F U- R F C ©T $ y i^Se^Jff'tc 
lirft-iSSE^J ( i n t e i n) 7&M o^?^EUT^.^'SC t7:>-«^B$n/co Z.(Dir^W, 

mt, &momm^^: 5 5©? 2 i#75>b2 2 9 5,#(i=j- K^nn^So 
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mt&m 9(3) mi^rifc^m^wi ^ o'jrgt^© r f c /J^■t^7*^- «y h © 

^: 5 eSO^'B 7{rigS@2^J^^-ry5^v-RF-CBA ISCKRF-CAA 

©y^x^ KpRFs 2 5 4 sxNB^mmizm^'f^^ y^<-xpcR^n-^tc 

o >^<-XPCR(C{i, TaKaRa Ex Taq^^BL. CO^^Offi 

fflrasirb/i7&'<^T 1 0 0 /ii (DKmm^muitco m^mmi^it, 1 5ng© 

fy>^l KpRFS 2 5 4 SXNBSO'2 0 pDiol-ro©:/^^' v-^ttL. 9 
4°C (3 0!:!'O —5 5'C (3 OS'O ~7 2'C (3^) ^1 -^^-^ ^ Jl tt^ Z 0 
^ i^JlOKm^n-ofZo ■< y/<-XPCRT'l#bn/ciiiiisDNA®rH-^DNA:/ 

i/3>$-d:"C7'^Xi K^fll^U ^ti^fvTsX KpRFS 2 5 4 I SA I h. 

m:/^;^^ F^Xb a iSO'Nc o I •efgfbLTm]|l$nA:*^4 0 0 
bp©Xba I-Nco mYxh. HifiM 9 (2) Ttf^n/c^^X^ KpRFS 
2 5 4 Nd B7!)^b^llS^*X/c*^5 0 Obp©Xba I -Sa c I ffirH-> %*^\ . 1 kb 
©Nc 0 I - BamH mH-t*^'^UT:/5X$ K^:?:5'-pTV 1 1 8N© 
B am.H I - S a c \ hPitCi^-^'^' n-->r L/co Z Ur#bn/iMgl 
^7*77. ^ K^pRFS 2 5 4 SNc ^^c. i^^^X^ K-ej^Kfe 

g|$n/i:^liMJM 1 0 9^ Escherichia coli JM109 / pRFS254SNc t^igt 
/io ^JgKfeSI(*li> PFU-RFC^it^m-r^Ci:?&^«BjL/wo 

(5) :fraS2Jii^^*ni:i^PFU-RFC^3- K-r-Sitfe^CieSieJiJ©]^^ 
HJI^jg (4) T#'^)n/c7'7X^ KpRFS 2 5 4 SXNB*^©*^4 0 0 
bp©Xba I-Nco I ^rfr*. T'^X^ K^^rJ'-pTVl 1 SN^^^^S'- 
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u^mmm^ (s) om^i)^^. ^siEanj^-^^'^<j:i^PFu-RFc^='-Ki-s 

m^^n-SPFU-RFCCDT^ yi?S2^J^. -€:n^'niE5?imcD@EJiJ#^ : 4. 
( 6 ) ftISP F U - R F C^d^dOMI? 

«0II9 (4) -eff^n/c Escherichia coli JM109 / pRFS254SNc ^10 0 
/ig /mlCDTy ffy'J 'j y h;u©LB^«fe4^-e l 6 WJ§SU/Co 

aft^4 4. linl©7-'y-'>3>^<>y7r-{C^^t^ 2 (1 

-DTTOfkL/cRE SOURCE Q:^7A(C^L. F P L C 

T^'ov hr57>< -^tTo/Co PFU-RFCIiRESOURCE Q^^A 

b/cPFU-RFCM^3 5inl^. ^<>y 7 r -D-C^MkLitR E S 0 
URSE StfyA iyrJl-^i/rttM) izm^f^o F P L C ->;^xA<£■ffl^^T 
0~5 0 0mM NaC ia^M]g^aE(li;<9^ail>. 17 0mM NaCl© 
tc;5{r^tB$n/iPFU-RFC®i0-<£-#/io CCDH^2. 9inl^-t > h 'J =» 
y- 1 0{rJ:oTgliU. O 5/zl ©^^?S^2mM 2-^;!/*:^ 

>x:?y-;k 7 5mM ^iti- h l-^^h^^ 0 mU h'JX-^i?^<7 7 
T-^ pH 8. O-e^^fktfcS u p e r d e X 2 0 0 y>^iii:^7 Atr-gtL 
fzo m\^y<yy T-vmi^^n-?tz^^. PFU-RFCIi. ^'ul ^O^a^ji 

vy(D^^A\zm^t^^mizmii!,^tifzo zo^^mit, pfu-rfct&m 
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(7) y7<v-#gStE{::Mt-PFU-RFC03a^ 

^to g3 PFU-RFCfiP f u=^°U /v—^'Com^^ 

^TiEiitTl^So ^^IZ. F 1 tmmzPFU -RFC ^WitXlLfzm^iai. 



S3 



P f u4^*'; ^^--trC 


F 7 


PFU-RFC 


( c pm) 








1 0 0 


90 fmol 






3 6 6 


90 fmol 


9.6 pmol 




2 7 4 3 


90 fmol 




356 fmol 


4 6 3 


90 fmol 


9.6 praol 


356 fmol 


8 7 4 0 



m : a*®P f U'-KU y 5--t'C©fili2oCDDN.A'-K'J ^ ^--tf^fig 

i^>^<i7mi^^'r^i}^'^^i^^y^^^wtLx. ttc, ft. pfu 

-RFC ©Sli-en-en 3 4 LTOM^^-fo 



mmm 1 0 

(DtiLPfu DNA=^°'J ^5--t'tlLi*:0^i2 

12ml ( 3 0. 0 0 0:1— h) ©c 1 o n e d Pfu DNAt°>)/^ 
—if iT.h'y^i^-ytt^) ^-trV h 'J =1 > - 1 0 

b/c^. f#bn/-c0. lml©^m^2mM 2 - ^ ;U:«7y hx3^ y 7 

6 0 
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■ 5mM NaC 1 ^-^trS OmM N U :^-t^if (P H 8 . 0 ) T^WYb Ut^ S 
uperdex 200 (y r Jl-^^yr^W i^^LtCo 

fcP fu DNA't:'; y 7-if®^^mb/Co ZCDMiS-O. 8ml^-fe>hU 
3>- 1 0(lJ:<9Mi^U ZOmfe^^^ijCmtLXVLP f u DNA^^'J^v- 
4f;K'J ^n-^;ueLi4:©Ml^irfflV^y-Co P fu DN U ^ ^ --tfO^S^i-* 2 

-f-^t/Sti^^^trStifii^e Oinl^#y-co cDiJtifiiJf 2 6 ml {12 6nil©fi&fnl»T 
/Co a:^^5ml©2 OmM ^) yWti- h V OI.^<yy r- CpHl . G ) (iM 

7 T-r'¥ffiYbl>/cPD- 1 oti^A (:7 r>'i^v->TttS2) •eijfei^ 

^tfo/co 0ml^2 OmM 'J h U 't7A^<-y 7 r - (pH7. 

-Tgfe^L/c^. 0. IM :7x>iJf-h>j'^A^<«y7T- (pH3 . 0 ) "C^ 
tBb/co ^aib/cfiiP f u DNA'-KU ^ ^-Hf^KU D-f■;^fJLft>$r^t;®^S' 
^, IM h'J:^-tg^> pH9. 0-e>4'fDL/cm^ -bV h 'J :7°-CF- 5 0 
■e^JSL. PD- 1 0:^7AT:^«yyj >r^<>y7T- (0. 5M ^fbf* h U 
>!7A. 0. 2M mmmi-hO'^l-. pH8. 3) irfiS^UTfJtP f u DNA 

(2)6LPfu DNAt'^) /y—iftn.{^tyl^(Drfm 
H i Tr a p NH S - a c t i v a t e d :^ 5 A (7 t -'l^vi/TM) ^1 
mM i^i? 6iiil-r»L/c^. ±ia©tn:P f u DNA^t'U ^5 -^r^•K^J 
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-■^;^^^;i*:^jtO. 9ml (4. Smg^SSCfiiP f u DNAt'') ^fy-'iftZW^ 

(3)tn:Pf u DNA'-K'J y ^--b'tn;i*:^5/^*ffll^/^P f u DNA^K'J^ 

'J y h Jl^omW^&ntco ZOmi^^S 3inl©2mM PMSF^ 
^tjy<yy r-C (5 OmU h U X-IM^. p H 8 . 0. ImM ATP) {r 

mmu m'^mmw^.t^iffco m^hntzuw^^i 2 o o o r pm. 1 o^wi 

m'is'b. mi^ntz±.mA Aml^^<yy r-Cr'^m<tLtzRP f u DNA^'J 
^^--tffiLi**^A{I^L/Co :^5A^0. IM NaC 1 ^-tt;>-<;y7T-C 
T-^fe^L/c^, ^ai/<<y 7y- (5 OmMh UX-iMi? pH 8. 0. 8M ^ 
^)-CPfu DNA^''; y 5— tfm-^i^^MU CCD^tfi^g^SD'S-PA 
GE(12. 5% ;}^''J7^ >J>'l'Ti Ky^k ^Mffi^t 1>T2 5mM h U 
X-i^i?. 19 2mM r'J'>>> 0. 1% SDS> pH8. 4^^ffl)(C^ 
Ltzo ^m'lkOYJl'^^n&iZVtl^^^i^-y''} >JT> h7';l/-R- 2 5 OT'^fe 
Ltcm^. HI 0(l^t-ck-5{l, Pf u DNA^'U y ^--tf©/<> FJ^li'Mwi 

y";^{rov^Tll^lM3 (2) tl^#o:^&rtn:P f u dna^'U e'eii* 

^ffll^/■c'i7XX:J'>:/^.yx^ >^7'^^fo/;:o lil 0 (C^^SDS-PAGE© 
K^l^^fiiPf u DNA'-K'J y—ifmi^tK^tbm^^ yy<^WV^^Zt 

6 2 



wo 99/00506 PCT/JP98/02845 

(4) y^biiaSi^Dv hr^^^ -^ffll^/wP f u DNA^'; y ^--tfirF 7 

%mmz (4) 'e#'^>n^cF 7#5&1 . 2ml^> PD- 1 0:^^A^ffl^^T 
2mM 2 - ^ )lti':fV:^^ J -)\/. 7 5mM NaCl*^tr5 0mM h 'J 
X-i^if (pH8. 0) \Zy<y'y r-m.Wl:Lfzm. -t?> h 'j 3>- 1 O^fflV^T 
5 0 // 1 CMJiU/co 

HJfi^ 1 0 (1 f u DNA4^°'J y ^--tf 0. lmM©^?i^, ± 

EOF 7 0. 1 mM (3 4fttbTti-m) SO'P f u DNA^J^^'J^ 

5— tf 0. lmMtF7 0. 1 mMirOS-^tl^n^ni 0 1 -r-o^. 6 

mM 2-y;l/:^7:/hx:J'y->'k 7 5mM i^ft-^ h U A^^t;5 0 mM 
h 'J X vyy-. p H 8 . 0 -CTO-fk L/C Super d ex 200 

PC 3. 2/Z^^)mtiyU (7T>'Uvi/TM) i::^L.. I^I;^<-;/7t- 
■e^ai^ffo/Co P f u DNA'-^°'J ^^--tf^^O'F 7(i. ^M'tl^'^l 6 

(l*ft. Pfu DNA^^'J y ^-4f<!:F 7®^g'g-'^®^^(C{l. ^^3 2 0 4=-n 

f-i^ t LT!§ai^n/co co2o©f-^^^wr^®^3>^> -en-ensDS- 

PAGE (12. 5% t'^)TC^ ^) JVr i r^Jl. ^mmmmt 1X2 5mM 
h'JX-tg^, 19 2mM 0. 1% SDS. pH8. 4^^ffl) 

*t3 2 0 +Dy;i.h>{rti^-r§®^{rliP f u DNA'-K'J 
>^y-'ifRfJF 7 tf)\ tfz. 2 8+n:/;Uh>{r+S^-r^®^»-{wliF 7 0 
<^75^'^inTl>/co C©::t(rJ;0. Pfu DNA**'j ^ 5— tf i:F 7 tT&^m 

6 3 
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(5)Pfu DNA^f^^) ^y—if-F im^i^Oimmn. 

mmmi o (4) mwt.oYjmMizii6i^r. mi Q^^yjihyiz-m^ir^p 

fu DNA^K'J y7--tf'^J4SO'3 2 0 +oy;bh>{lffi^f 6P f u DN 
AjK'J tr'tF 7 t(Dm^^(D^' JimMiZj^lO^^tltzmW,^^ 2 0 alt 

o:0-UZU ^M'tHZ'Oi.^xmmmB (5) IC^bfi^^^Ml S-HTzTy^ 

fcmmmijm iz^-oxfy-c? -w&nsnmm btzo t tz^ 
mwizmmm2 (i) Bm(DmmtDNA^mwt\^tc:^ikx^^ii-^iisnom 

7f v-#:g/g'ttOit¥^III^/ci::6, I1j3 2 0 +n:/;l/ h ^If^-eO. 6 5 
> It? 6+ny;U h>®^-eO. 2 9 F 7 tO^-^i^J^fi^tC 

cfcoTP f u DNA^^^) /y--^'(Dzry>(^-immmmm^ti?>:iti}m 

mmmii 

(1) RFC :*c1t7'^-'y h©'t^^n-^7';^r3- K1-§it^5^-^^trnXi K 

i^^J^vtiT. + (Methanococcus jannaschii) cDRFC ■X'^'Zt^. 
-7 hOT ^ y^iS^J l-^^zs-yy. (Science ) x ^2 7 ^ 1 0 5 8-1 
0 7 3M ( 1 9 9 6 ) ] (roV>T. HWJ 9 (rfSE®:n'&@E^J^-^^ni:i>P F U 
-RFC/h-9-7*J-->y hOT^ y^lE^JtcDtvta-:;-^!^'^, C tl.^)©r^"e<i: 
<li#$nTl^§Mi^CDT^yif@^M^#^C. RFC h^^a- 
K-r-Sitfei^^fi^f^-r'S^cabcDT'^'rv-RFLS 1 5^-^fi£t:^Co i£^Jg©iE 
^J#-^ : 6 0{r7°^-r^-RFLS 1 5 CDigS@2^J^^-ro Z.0:>-7y >(^-h. 
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NA^MtbfcPCR^fT-^/Co ZCD?CR\Ut. P f u DNA^KU^^- 
0. 2 5 /z gOUSDNA^^O'^ 1 0 Opinol-ro£D:/5-Yv-^ffll> 

T. mmm^ (i) ti^=^©fflfi£osi:c^swo/-co ^(DPCR(ri;oiiiPi^ti 

/c 2acDDNA®rH'©-9*.. PFU-RF C/jNlf^*:!^-;^ V^'^^^^om^M 
!^(Io^^T^i®$n'5fe®<tli-9•^'XcDM''i:^l^ 6 3 0 bpCDliijilDN ABrK-*^ 
iltt/Co C®DNA»rM-^:/7X^ F^^'i'-pUC 1 1 9 {1-9-:/^ ^.-::^>r 
6 ISO' 6 2ir-en€niMS@S^J^^t-:/5>rv-RFLS-S SSO'RFLS 
-S 

R^tTl/\ RFC :^iJ-7'^->y h®*^a-r^=3- K-r-Sitfe^^^^-rS t 
#x.^n6 3:^5 K^n->^iltRL/co PCRtrii. ^^{iPf u DNA^* 
'J y ^— t?'^ffll>. ^J|j5ij5 (1) tll«|®fflgc©SC5?i^T% 9 4*C (3 0,#) 
~5 5°C (3 0#) ~7 2'C (2^) ^ 1 -tf-T ;U t-T-S 3 0 ^ ^ ilOEL^-^^ 
n-ofzo C©^^. No. 2 5 4. 3 1 0. 3 1 3. 3 7 7JtO'4 5 8 ®3Xi 
K^ o->{C@6<J©itfe^^ (PFU-RFGLSitfe^) Ti^-^-^^tl^ C i:;5^t)7i?^ 
o/co cn^©#^©=3;^^ K:?D->(i. ±EOPFU-RFCjtfsi^75^^* 
n-SriT.^ K^D-> i:-|icUTl>/io @S?^Jg©SE^J#-^ : 5 5(1^^ 

t\fcfy7.l KpRFS 2 5 4 NdB©!$ADNABrH-©iiSiE3^J^M^7^^^:- 
^> PFU-RFCit{E^®1"<'T^(^*^.^S^@2^J^^'3 1 0 9 #7!>>«^>Jfe* 
-^>'J-7"-< >:r7U-A{l. RFC h©>^tn-r (PFU 

-RFCLS) Tb^ri- H'^nTl^Sc: .i:75<flBJLfCo L/7&> Lj'.CA-^^. 
^ FpRFS 2 5 4 NdB(r(i. P F U - R F C L S jtfE^©^:B{±^S^^ tlT 
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(2) PF\J-RFCLSmB'FO^y'^a-:^yr 

PFU-RFCLS itfe^^^^^t; D N A Writ ^mSI-r 6 ^^6. ±E© ^ □ 
->No. 2 5 4 ^Nh e I T^iYkL. #'=)n/'c:a>!f ODNAKrfr^^t) ffl L. 
y^X^ K^^:5^-pTV 1 1 8N (SSigtti!!) n-^>r L/co # 

t.n/c-en-enoM^x.T/^x^ K^ifsir. rfls-s 3S:o'rfls-s 

4^:/7^v-{Cffl^,^TPCR^^f^\ PFU-RFCLSiteT-J&^ffS-r-S*^ 
^9 75>^i^--i/ctc;!)> lkb©Nhe I ®fM-{CR F L Sitfe^T&^^^E-T'S C 
t^^^B^b/io ^C-e> CONhe \M}ff}^pTVl 1 8 NJrM-^^ii^n/ct)© 

tCct^D^^.t/Co #t>n/ci^S@S^J®9-^PFU-RFCLS<&3- K-f-S:^- 

/c> ^i^JIJ*^ "iii^^ PFu-RFCLS©T^y ^ie^j^e^j^ois^j^ 

: 6 4 (l^f o 
H WJ 1 2 

(1) F 5it<KT-^^trnx^ K^D->©iltR 

lllfl*!»l3Tf#bn/wF 5©N5K^T ^ y i?BS^J^ t {:@£^JS©@E^J#^ : 6 

5 SO' 6 etr-eti-eni^SSS^J^^f :/5^'v-F 5- i - 1x0^5-2^-^ 

fi^b/io ^»J4-eML/cP s t I hDNA 1 1 ^iiStUT. 1 0 

Opmolt'o©F 5 - 1 - 1 h:/7>rv-C 1 (S«1±I2) ^ffll^T 

1 liIi©PCR^^f^\ '&©Sie^Sl //I ^UStLT 1 0 Opinol-r-o®F 5 - 
21krJ-fi^v Vrv^C^-Cl i'^mmM) ^fflV^T2llIg©PCR^^fo/•c 
o C©2IlI©PCR(r{i. TaKaRa PCRT>'/'J 7>f ^-'>3 N 

6 -6 
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(MiiifcM) mnotmmi^vt^xn^f^o i^mbtcm^ o obp©D 

NAKrH-^T'^X^ K^^:5^-pTVl 1 8N (M^ttS) (C-9-7*^n-^> 
rbtzo Wi^ntzzTyXl K^pF 5 P 2 t^^l/^ -eofgSffi^J^^^b/io 

SSajii^^-fT'^^'v-F 5 S ISC^F 5 S Z©F 5 S 1 RO'F 

5 S 2^ffll^rllWJl {i^tTtnx^ KDNA^IIi3(rPCR^m\ F5it 
^=?-^ttS^7.XY'?y=J-y^m^Uzo PCRCIi. TaKaRa PCRT 

No. 15> 96. 114. 167. 277. 348. 386. 400. 4 19 
. 4 5 6. 4 5 7 SO' 4 8 4 (D-=i7. 1 V'^u-y\,z^ F ^M&W^'^tl^Z t 

K^^^n-^ir-icbri^Aio ^CT. E^m®ge^J#^ : 4 1 (r^$n/ci^SS2 
^J^P^/ctd^. ^E^JJiT'F 7itfEi^TS£{^&/w^ 8 9 2#OT(rF 5itfe 
^ © H«i¥SiJ^*^^ * tlT I ^ 6 C t U /Co 

( 2 ) F 5 SiE^ ©-9- >^ ^ D > 

F 5 itici^^ -9-7' i^n-^^ rf -5/^^6(1. mmm^-Cm^tltzfy 7. i Kp 
F 7 - HH - 1 8^^C>'±E©:/^>^ 5 Kp F 5 P 2^ffll.^T. F SitlE^^S© 
Nco I. BamH I. Ps t I. Hi ndlll S<:>'Nde I i^mMttm) © 

01 3(r:^L/cM©^^ft&ll^fei:(3^ nx^K^a->No. 15^Nde 
IT'^fbLT*tl 9 0 0 b p©BrK-^^0Oa}U K^^^rJ'-pTV 1 1 8 

NdiZ-^zri7a--yyUzo 'i^^>btltzm.m^^y:^i KC-:3t.^TF 5itfe^^7^)^' 
1 a czra^-^-lzMbXiEl3l^iznX^nri^tzfyXi K^p F 5NNF 
- 1 L/io 
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( 3 ) F 5 it^^^^trDN A»fH-®:^Si2^1®^^ 

±ia7'7x$ Fp F 5NNF- 1 o^xDNAmiffommmn^i^T't^-ym 
±E®>^5;^$ KpF 5NNF- 1 ^natu mmmo^m^^ : i iso' 

7 2(C^n^'n®i^SiE^^^^:/^-rv-F 5Nc oRt^F 5 CB aIn^ffl^^ 

rpcR^^f^/co dcDPCRiKiP f u DNA^'u y ^--tf^^fflL. 

#>J5 (1) tllbMBicOSMT^To/co lng©^MDNASO'2 Opmol-fo© 
^y^>rv-^1^fflUr. 9 4*0 (3 OS-O ~5 5°C (3 0#) ~7 2"C (2^0- 

) ^iif>r^'>'L'tL//-c2 5-^^ ^ Ji(D^m^n-:>fzo itiPi^n/c^^e 4 oss*f 

ODNAKrM-^Nco ISO'BamHI ( C^MitlS) TmU ffbtl 
/cBrH-^Nco IJ^J^BamHITiS^t/cpETl 5 b (y ^<i?x >tfcS) t 
y-(¥-'>3 ybtzo ZCOZf^Xi K^P F 5NBPETi^iSt/co m^Ty^t, 

fyXl KpF5NBPETT-J^Ktem$n/c:^)i®HMS 17 4 (DE3) 
, Escherichia coli HMS174(DE3)/pF5NBPET(Col.>T> F 5 (D^^^M^tz t Z 
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mmm 13. 
( 1 ) F 3 itfE^o-y-r a > r 

mmm 3 xm^hnt^ f 3 <DN^mr i j mwM^ t (i. mn^omm^ 

7 3SD^7 4{C-€-OigSSE?iJ^^-r7'5-rv-F 3 - i:S(:>'F3-3- 1 ^-^fig 
U/co IISIM4©Bg 1 Il/Sa u 3 A I hDNA 1 ii\ ^^MtUT. 

10 Opinol©:/5'rv-F 3 - 1 SO' 2 0 pmolcD^-t? 7 h^^-fv-C 1 ^ffll^ 
Tliai©PCR^m\ -ecDSCC^Sl l ^USttTF 3 - 3- lSO':^-tr 
«y h:/7>rv-C 2^fflV^T2IiIiOPCR^^fo/Co PCRIi^ ^^CP f u 
DNAj^'U /7--lf^fflV\ HSfeMS (1) tl^bMBSOSMT. HlS{i9 
4'C (3 OS?) --4 5°C (3 0#) ~7 2 '0 (2^) ^ 1 If-r LT 1 lUg 

0 ObpODNABrft-^. y^X TK^^^^j^-pTV 1 1 8 Ntr-y-:/^^ n-r-^r 

mmm<D-^^m^btz'^. nibtifcmm^^tizmnm(Dm.mm^ 75.. 7 

6. 7 7S0^7 8(l-eoJMSiEM^^-r7°7'rv-F 3 S U F3S2> F3S 
3:R0'F 3 S 4 ^^^Ltzo C©F 3 S 1 ^tC^F 3 S 2 :/7-r v-;£•ffll.^T^^I 
^Jl-eillSU/c=J7.> KDNA^IIi3(lPCR^tTl.\ F Sitfei^^^tT^X i 
K^'n->«-ai9^b/ci:C;5s F 3 itfi^^^t^ir^x. bfl^ 3X $ K^d-> 
lil.ai$n'^<£;5)>o/io -ecT', :/7'rv-F"3 SZXit? 3 S 4 i::7'^>rv-C 
2t^fflV^T. |||ffi0tJ4©#:^-tr7 hDNA^Iia{rL/cPCR^tTl\ F3jt 

B^^^mommmmmm^u^'? y h-y^uzm^^ <o.. s a i i^^^ htui 

ndlll -ti-^ h(cli$*n/i*1l2. 6 kb©»TH-(cF 3 itfei^75-«#S-rS t^ffi^ 
tltzo C©^m^*>t{r, t'na>;;;<7X 7 'J ^1^^©^ 7 ADN A 4 g 
a 1 IJ^c;H i n dlll r^fbL/c^. 2. 6 kb»©DN ABrfr^^3-l5ibTp 

Tvi 1 8N^::^3'-(r-9-7*i7n-->rL/co c uri#bn/i-en-en©s 
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m^^y:^i V^mmiz. :/5>rv-F3S4SO':/5'i'v-RV-N (^-©it 
ifcS) ^ffll>/cPCR(:J:^F 3it1£^©^li^P^/^o -ec^^^ F3itfe^ 
^tt^2. 6kb©Sal I -H i n d III ISrlt^W-re:/^^ $ KA-<f#bn> C 
n^:/7X^KpF3 SH9 2t^iSb/-Co COT'^X^ KTB®^«l$n/c:^ 
liMJMl 0 9. Escherichia coli JM109/ pF3SH92(rol>TF 3 ©^^^iS-< 

o 

(2) F 3itfE^^^ti-DNA»rK-Oi^£rao^^ 
±i27'^7.^ KpF 3 SH9 2®if ADNAirlT-®i^Si2?^J^i^x^+>'^C 

: 7 9 (I. tfz. m^^^m^'hm^^n^ f 3 or ^ jmmn^umm 

K©T^ y^Be^lto*tai;-^:^^L/cic6> V'rn::?°7-f ^^i^- (My 
coplana ramosa) fi^©T-tr5";l/:}t° 'J T ^ >T^y^^>r K^-Hf [i^^-i-Jl 
ty' X 'J :t-ni;- (Journal of Bacteriology ). ^1 7 8^. ^5 7 8 
1 ~5 7 8 6M ( 1 9 9 6) ] . J^O't h©tX h >xT-trf-^--t?; [iJ-^Txy 
X (Science ) . ^2 7 2^. 114 0 8 -4 1 IM ( 1 9 9 6 ) ] tOWzmm 

mmm 1 4 
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'J-yfy-zr PCR^yxrAg 6 0 0 (GeneAmp PGR System 9600 > ^<-^y 
( 1 ) iJLPFU-RFC!n;{*®iil^ 

%WS\% (6) CDPFU-RFC^D°n^lmg/l 0 0 /zl .t^A^ i:-? 5 0 mM 
h'jX-f^i?. pH8. 0. 2mM 2 - ^ ^l/:^?^ h^^^ y -;k 7 5 mMN 

9.^^%"^^^ 1 0 S^{c^ifii^$^l5iU cn^S^girS O^TOSt/w^. iS'C-N 
^3-IIILTfn:PFU-RFC4^'U ^n-:h;UijLi4:^^t;tn:ifil^5 Oinl*f#/Co 
tiLifiljt2 0inl{l2 OinlOfiS?DBSi^T>^r-'i;A^^S^»U. 4"CT4 5^^. 
v0-5^7:)>(I^f|i'^ii'l>b/co ff^n/ctfcm^ Bml© 2 0 mM U >il:^ h 'J ^ 
y>'.y7T- pH7. 0(CliSL^ I^b^<-y7 7-2 U--;' h>'t/^^f?^tbT2^ 
r^OTO^aHfif-^jto 4nil^2 0mM 'J>i?-fh'J'!?i.^<>;/7 

7- (pH7. 0) •e¥^rbL/c:/o-r>r >A:^7^A (7 T>'l^vi/TM) 

U l^^<-;' 7T--egfe^^. 0. iM ^:5-ym-r\')^ i^'^-j'^T- (pH3 
. 0) Tj^ffit/co ^iUL/cJjtPFU-RFCtn;{*^lM hU;^-lMi2. pH 
9. OrtfD^. -t?>h'J7D-CF-5 OrM^L. PD-1 O^^A (7r 
^I/Vi/TtfcS) •e*7 7'U >r^<7 7T- (0. 5M M-fh'Jl7A> 0. 2 
M fi^if^^h'J't'A. pH8. 3) {igglUTetPFU-RFCfiLi^^^^ti^^ 

( 2 ) fii P F U - R F C 5 A cDf^S 

H i T r a p NHS - act i v a t e d^^A (7 r -'I'Vi/T^tM) ^ 1 
mM i^i? 8ml-ei5fc^?^. ±E©fn:P F U - R F C -i^ U ^ n-f-;l.{n;«i^jS 0 
. 9 Bml (3. 8ingtB^©fiLPFU-RFCtn:i$^^tr) ^T^^^r b/co J^l^ 
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(3) tjLPFV-RFCtZi^iJyl^=^m^-fzPF\J-RFC^tt^m^i^omm 
7 'J ^-9-7.0 SMS 6 3 8 ^ll»J 1 iea®:;^fe tl^^llif # 
i^m^l 0 'J 7 h Jl^omi^^&mzo ZCDmi^^S 3mlCD2mM PMSF 
<&^t.v<-y 7t-C (5 0mM h'):^-mm. pH8. 0. ImM ATP) 
IzmMU iS^iS5SMC7&Mt/co IKI^^^^ 1 2 0 0 0 r pm. 1 O^m. M'C^ 
bxnibtltz±ms Sinl^O. IM Na C \^^t^^<yyr-C'CW-mitbfc 
tjiP F V - RF C^ii^t} y S^izmbtzo tjy^^O. IM NaCl ^^t^''<y 
7 T - C T^Jfe^m. ^ 8 5 'CV 1 rallinii 0 . 1 M N a C 1 ^tts^< 7 r 
-Ct:-PFU-RFCm^<*^^itit/co CO^ai?l5<£-S DS - P AG E (1 2 
. 5 9^ ;K y T U JlT I V^Jl. flcibMISit tLT25mM h'JX - ig^. 
1 9 2mM 0.- i% SDS. pH8. 4 (r^U 

©y;l'^^ft{C?ei^^v->-7*'J 'jTVhT';!/ R-2 5 OT'^feL/c^^. 

P F U - R F C CD/< > raMcJiISF 7 fCffl^-T -5 3 3 + n K >CD{4gC 1 
* t 6 0 4=- n h y fti£(r 2 ^©^< > K;i-<t^ai $ n/co 

mmz (2) ti^^©:^aT-^t/ft/ctc6^ 01 4{c^-ri:^(c±saF 7{ris 
CD 2 a^® >/^•^K©N^^^T i y wmMm^-rn^iMP fu-rfcls 

m-^. CO^ai?S(r-§-in§PFU-RFC. PFU-RFGLS. F70^ 
<];i9^*bfCo^ffi?S^SDS-PAGE (12. 5% .-K 'J T ^ 'j ;l/T ^ F^' 

ji^. ^mmmi&tbx2^mM h'):^-^m. 1 9 2mM rus/y. 0. 1 

% SDS. pH8. 4^®ffl) {r^b. a(i^J^t®'^f;^^^&{r^^l^^7vi/-7• 

7 2 
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'j.'JT> h7'>'L'--R- 2 5 Or^feL^c^> K^^OiULS 0 0 /z 1-<D 7 

^bfzo mm^^(Dmmms (4) of imshwmmm^ (6) ®pfu-r 

PFU-RFC. 5 5/zgcDPFU-RFCLS. 5 1//g©F 7^y^<^Mf)^ 
^tti^Ztii^M^r^tzo ±B(DXo{Z^ PFU-RFC. PFU-RFCLS 

(4) y7'l'v-#gS)^^{rS{f-rRFC-N1I'^{^^©X&^ 

mmmi 4 cs) ■e#'^)n/cRFc-Nm-^f*©#a^*'jy5--tf^®7'5-r 

v-ffi:lS);S(cS(f-r5?&m*P^^ P f u^'U p'^-- tfC. Pfu D 

ol ^TJt^ t /Co D N A U ^ V - -tf-S'ti® illiJ^li. P f u >J ^ ^ - -tf C Xli 
Pfu DNA+:'J y V— tf^5 0 f mo 1 ^fflb/cClr^&l^t. «0»J8 (5 

) izmmoumtmmitmi^f^o dn At' ^) /y--iffsn.cDmz\tmmms ( 

5) (C:^L/rc):9{CM 1 3 7 r - i^-^HDN A (Ml 3mp 1 8 s s DNA^ 

-•J >r$-it/c*)0 (Ml s-HTy^-rv-) ^^fflu/co rag©@e^j#-t 
: 4 2(rHT7'5>r-7-otgSiajij^^-ro Pfu DNA^*'; y 7-•^f-e©^ 

^^^1 5(i^L/co F TRO'RFC-Nffi'^i*©^!:!*. KCt^^[l4'{r#^ n 
■5F 7. RF C-Nl^^W(D^Jimvm[yfZo M 1 5 tl^fck^fcP f u DN 
A^'U y ^--t?(i*fLT. RFC-Nm-^fi^liF 7 M{iit'^iSl^/Stt©±#^ 

^^»{i7°^-rv-#:l^tt{CoV^TllM8 (5) Eic©:^!ST-^ft^tTo/r 
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0 ffi!l^fflS«li> TEOMfiJc-CIISUfc :01 0 0 finolOF 7. (E)0. 0--5 
/zl0RFC-Nm-^i* ( 6 0 f mo 1 ©F > (E) 1 0 f molOP f ut' 
'J tf'C. .®10f molcDP f u4^*'; y 7— tfC+ 1 0 0 f molOF 7. ©10 
f mol©P f u^i; /"y—ifC+O. 0 5 // lOR F C - Nm'^{*> (1)2 0 fniol 
CDF 7. ®0. 0 2 ;C/l©RFC-N1I-^i$ (2 4 f mo 1 ©F 7^W) > (S) 1 
OfmolOPfu DNA^K'J ^7--tr; ® 1 0 f inolOP f u DNA'KUy 
^— tf+2 Ofniol©F 7> ® 1 0 f inol©P f u DN A** U, ^ 7--tf + 0 . 0 

2 fjLi(DRFc-N%^i^o -en-e'nozM^fflSMi H-o. o i//g//z^ 

1 O'^P^I^Ml 3 -HT7°5'f -^-^-^tj-g /zl ©SEE?S (2 0 mM h 'J X 
-i^i?(pH9. 0). 1 SmMi^Ybvrt^i^'t^A. 2mM 2 - / Jl^t^:/ h j:. 

^n^n 4 0 /zMOd ATP. dGTP, d CTPSO'dTTP) * 
»L> 7 5"C-e2. B^FalStC^-fr/co StE^^T^. SI&?lS<&7K?#LTSlS^ 
1^ihL>^bCl //I ® 2 0 OmM EDTA. 5 // 1 ©SCc^i^iL^S ( 9 5 % 
;t/AT^F. 2 0mM EDTA. 0. 0 5 %^a=Ey ^ J -Jlf}l-. 0 . 0 

(Di^m-vm^ L/co ±E©®~®©i^**;g^ 1 1 o . o i ^ttg //z i 

©M 1 3 -HTT/^'Tv-^-^t; 9 /zl ©SKC^^ ( 2 0 mM h'JX-^gf> p 
H9. 0> 1 SmMiMYbvrt^iyt^A . 2mM 2 - :^ )ltizf Y J - 
-en€n4 0 //M©dATP. dCTP. dCTPSO'dTTP. 8 4nM [ 
a_32p3 -dCTP) ^»t. 7 5'C-e2. 5^F5StE$it/^o SI^^^T^ 
> 1 . 1 1 /zl ©2 0 OmM EDTA. 1. 2 3/zl©50 

OmMNaOH, 2. 4 7 //I © 6f^iiltD-r-f 7 7- ( 0 . 12 

5% 7'a*7x>'-;l/7';l'-. 0. 1 2 5% +'>l/>i^Ty-;K 9 % i^' 
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P f u;i<'J y ^--tfCSO'P f u DNA'I^'J y ^-HfOV^-rnflfct/^TfeF 
7 #!feflit^R F C - Nm'ti^^iia^OM^(^i^&^^(^A^^^i^ UTV^/co 

(1) PFU-RFCLS tPFU-RFCt^l^I^(Cli|3^^ii:6:/^X5 
fil^L^Co ^»J11 (2) •T:1#t>n/ciMSia^J^##fr|2?lJg©gB^J#^ : 8 1 
cmS@EJii^^-r:7'7>rv-RFLS-Nd e NSOT^^J^^ : 8 2 (rt^SIB^i 
^^fRFLS-S 9^-^)52 b /Co COiiy^-rv-^^fflL. ±£©^5X5 
KpRFLSNh^HailPCR^tfoy-io PCRIi^^irLtP f u DNA 
^•'J ;^7--tf*ffll\ HifiMS (1) tl^l;Mfi£OSlS^e?T\ 1 OngOT'^Xi 
KpRFLSNht2 0 pmol-foOT'^-r 9 4''C (3 0#) — 5 

5"C (3 0S>) --7 2*C (3^) ^ 1 -9--r ^7;t/<J:-r-S 3 O'^)'^ i7 Jl(DKm^n-o 
fzo PCRTt#<5>n/ciiil®DNA»rfr^Nd e ItPs t I -e^fb t-cm]8l^n' 
fc^^] 9 2 Obp©Nd e I -P s t IKn-t. ^Sffi^J 11(2) T#^>nfc:/^7; 
^ KpRFLSNhTi^^mHt^tl/cl^e 0 0 b pOP s t I -E c oR I Brfr. 

mmm^ (4) ■etf'^ti/cy^:^ ^ kprfs 2 5 4 sNc7&>'imsf^n/ciij2 

kbOEcoRI-BamHIBrK-t^ii'^LTr^X^ K^^J^^'-pTVl 1 
9Nd®Nd e I - B amH I -^--r hmiz-^y ^ ^-^^ ^'l^f^o LTff 

n/cMmx.:/^x^ F^pRFC 1 0 t^igu/c. sfc. Y-cmmn 

Wk^tlfz:KB'MJU\ 0 9^ Escherichia coli JM109 / pRFClO t^^bfzo 

mBBW^^mt pfu-rfclssd'pfu-rfc ^is^m-r ^^t mi 
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(2) PFU-RFCLSSO'PFU-RFC^^'- F-rSite^®i^S@e^i® 
mmmi 5(1) m^btltz. y^x- KpRFC 1 O+^JfADNA^rK-© 

-r'5^M©4H^c^^5ilSL/io :icD^mi^»i^9 (s)Rammm\ 1 (2 

) .©^^7!)^ bPFU-RFC LSR^f^tEUm^'^tUi, ^PFU-RFC<S-=i- 

vt^mHi^oi^mmm^m^btco tT#bn/cPFu-RFCLSso* 

:/V^ie3nj^-g-^ P FU-RFC^3 - K-r -SitfE^twOl >Tfg^ie^i<£-SE^] 

^©@2^j#^: 8 3 (Is 1 edi^fo 

llli0>J 16 r R F C - M^n°D® iSS 

HSfifi^ 15(1) ■rfl^>n/wEscherichia coli JM109 / pRFClO^T y h'-> 'J 
>7&^1 0 O/zg/mK I PTGtJM mMCD^Ife??4-r^LB^«fe ( h 'J :/ h 
> 1 0 g/\\ ^«x+;;5 g/K ^<ti-h') "t^/. 5 g/ K P H 7 . 2) 5 

0 0ml X 4-vi6mmmm=^nf£'>tco mm^^. mw^s 5. 9 m 1 ©v-^^r- 

'>3>/<>>7t- (5 OmMh';x-HC 1, pH8. 0 . 2 mM 2 - 
7°hx:^V-;k 1 0%r';-trn->'t/. 2 mMPMSF (7 x— 3^ >;^;t.7 ^j-^ 
;L^7;l/:f7^ K) ) izmMb. m=^mmWmzf)^\ffZo l 2 O O O r pm. 10^ 

(Dm'ij^m^^. s ov. i^^momfukm^n^i^ f^o ^omn^ 1 2 0 0 0 r p 

m. io^o:>^>C^^m^n^i^r z 3. 0 m 1 0iiMi^^^^^#/wo m^co^ 

^g€-^<-y7T-A (5 OmMh U7.-HC 1, pH8. 0> 2mM 2-y>'l'* 
T'hx:?^-;^ 1 0 -e¥^<bL/cRE SOUCE Q:^75A 

^a-? hC^yy ^ -^rf^£'^f::o ^iHii. 0~5 0 OmMOfifkf- b 'J -t^Aiti^ 
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mmm^&SD S - P A G E ( 1 2 . 5%yn^)r^^)JlTi Ky">'k 
i:tT2 5mMK 'J;^-iS^s 1 9 2 mM^ U 0. 1%SDS. pH8. 
4^^fflU/c) {lj;0^tifb/c^^. PFU-RFCLS:SO'PFU-RFC{i 
t *i (I 2 4 0 mUm^ti- h 'J AC^gT'^ai ^ tlXl^tCo MM 9 ( 6 ) {CE 

«o®.i-5(rPFu-RF cmiiX'mm.^'^tzmi^f}'^ ^)n/c?gai^s^R e s o 

URGE Qii^z^Ad'gtL/c^'^tcii, MeR E S OUR C E Qtf'yl^iZltm 
m^ilflfj^-^tcfiK PFU-RFCLS tPFU-RFC^I^^{r|im$-fr/cS 

i**^b#^)n/c^ai?i5^RE SOURCE Qtf^i.izm-r6tmm^n. ±b 

CD J; 9 C: 2 4 0 mM^ifl::^ h U om&V PFU-RFCLStPFU-RF 

a-CF 5 O^^l^XmWik. PD- 1 Ot^yl. (7 t -'Uvi/T^tS) XI 5 0 
mM^iti'h')^l^t:^t:^<yy r-M^mWkb. 3. 5 m 1 ©^?g^ 1 5 0m 

TtfcS) {w^L/Co FPLC'>XxA^fflV>T 1 5 0mM-*6 5 OmM ^^ti- h U 

'^i^w.mmm^mizj^i)mMu 4 5 omM ^^ti- h >; ^M.(Dtz.6izmai^ 

n/c r RFC-M^-^M^^#/Co CcD®:55-3; 9 m 1 ^-b > h 'J > - 1 0 
(T^n^tfcS) ^ffll^T^I&L. 1 1 5/z 10^li?^^5 OmMh'JX-HC 
1. pH8. 0. 2mM 2 - / Jltizf h:c^ J -JW 7 5 mMI^{bt- h U ^7/^ 
T¥mU/cSup e r d ex2 0 oy^U^ji:^^^ (7 7 >'l/V->Tttl2) (Itt 
L/Co [^b^^'';/7T-TM^tf4'o/^^^. r RFC-M^'&f*:cD'Jr>->3 
>i^^A{t. 2 6. 3^-e«>o/c„ il-^#'C0^^^1:v-:^-CD^ait4gi:0 
JtiK^^ckO r RFC-M^^i*:{i> 3 7 0 +d h > t^ffi^tl/^o 

$'^>(rr RFC-Mil -^1*4' ©=§-^-7 hCD^fiSit^Afcfe-S/wtod, mm^S 
7 0 kDa©^HF*0^m®^^SDS-PAGE(l#tb/;o 
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FU-RFCLSS0^PFU-RFCO:J'>^^*^K®^'^'> V'^^'OHil^. 5 0 0 
A« 1 O 7 0 %^i?-eJAai L/co ^tbBiMO 6 3 0 nm©M^ii!l^U -eo^H 
^ll»J9 (6) -CiiS2L/cPFU-RFC*fflt^TfPI2L/:^l:^<bJtg^t-a 

-eo^^. PFU-RFCLStPF-U-RFCii. 1 : AOM^V^^LX 

3 7 0 kDaTfeSCtrS-^g. r R F C -M^-^ftli. 2^9'^OPFU-R 
FCLS t 8^^^®PFU-RFC(wi:OJ^fi5c$m:i^-5t#x.^n/co 
. BtiE r R F C -Mm-^i*:^ 1 ^ti t tT^;H5:^»it5 L/co 

^»J1 7 F3|gmffl:/5X$ KO^H 

(1) USteMl 3T'f^lS.U/c:/5;^^ Kp F 3 SH 9 2 ^USt @E^m®i2 

f u DNA.-teiJ y 7— tf^ffll\ mtf^m^ (1) 1 ng 

(Dyy7.l KpF 3 SH9 2 t2 0 pmol-f ooy^'T 9 4 'C (3 

OS?) ~5 5°C (3 0#) ~7 2'C (1^) ^ I -^r-d^ Jl ft^ 3 0 9 Jl(D 
5)^^^fo/Co PCR-C#bn/-ciiiPsDNA»rjt^Nd e I <!:Ps t ixmitb 
xmm^tlfzmo. 5kb©NdeI-Pst I Brit -fyi^i KpF3SH 
9 2t^ihmm^titz%^l. IkbOPs t I-EcoR I BrH" LT7'5 
X$ K^^^J'-pTV 1 1 9NdONd e I - E c oR I If-r hmiZ-*)-y !P a- 

-y^Lfzo z.obxnihtitzm^x.zr^:^i K^pF3-i Qt-^^l^fzo t 
tz, V'xmW^^^ntzXmm JM \ O 9^ Escherichia coli JMIO 

9 / PF3-19 tMLtzo mi^MunmtF s^mmm.-r?>cti)<mmbtzo 
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( 2 ) F 3 ^3 - F-r 5itf5i^®igSi2^j®^^ 

mmmn (O •e#'^>tl/c. T'^XS KpFS- l 9^®JfADNABr>T-© 

mmm is mmF zmshomm 

^»J1 7(1) T^ibtlfz Escherichia coli JM109 /pF3-19^T > fi/ 
U 0 0 u g/m 1 ©MJg-ei^i-r^ L B^^ ( h U 7* h > 1 0 g/U y h 
;K e^Sx^^;^ 5 g/'J y h>'t'> Na C r 5 g/'J 7 h-'k P H 7. 2)500 
inlx4TM 6B^MS^tfo/Co «M> m(*^5 Cm I OV-^-i^a 
7t- C5 OmMh 'JX-Jgi?. pH8. 0, 2mM 2 - ^ Vl/:^ 7* y - 
;k 1 0%r>J-t?a-;k 2mM PMS F (7 xx;l/y rJ' >;^;l/7 >'l'7;l/ 
^7>r K) ) (rMU jg#MMC7&^(t/co 1 2 0 0 0 r pm. 1 O^O^S 

'ii^^m^. ±m^s o'c. 1 5^r5©fi$!tacAM:}-/-co ^©mssi 2 o o o r 
pm. I o^oi^Aj'^m^fffi^rmibtifzA i ml o^Mm±m^mmmi 

6fa^O^<>;;7y-ATW{btfcRES0URCE QiJyA (7 r^'l/Vi/TM) (^#1 
U FPLC'>;^7^A (7T>'L'Vi/TitSS) ^fflV>T:7ov hr77^ -*tf o 
/Co S§S(iO-^5 0 OmM®Na C 1 a^^S^SBir J; Otf o /"Co 1 4 OmMTi^ 
^2 4 OmMNaC 1 Ot ^^T^ai^n/cF 3 ^^tr®^ 1 1ml ®^^g(r 3 M 
©iii^T>t-'t7A^^t;/<.y 7t-A^5. 5 m Ifinx. IMOMT^^-t? 
A^^tjVN'y 7T-AT'f^^fbU/cHi Trap hutyltiyl. (7 y^l/Vfyy^fc 
I?) {r#tt/co FPLCi/:^xA<£:ffl^^T 1 MOMT >^X't7 A^-^tjV< 7 
T-A-e:^5A^i5fe^^. 0. 5MMT>^:X>t7A^^t;/<«y 7 7-A-eF 3 
^mmLtZo CO®:9-6ml^0. 5 MMT y^-'t? A;^^tr^'< 7 r - AT 
/F^fkL/cHi Trap phenyl:^^A (7 r -'t'V-^TM) (rfi^bfco FPL 
C>'X7^A<&ffll>T 0. 5 mMT y^^^ J^^-^tj'"^ y y r - ATt "7 j^^m, 
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(Ti^y^m ^m^rmie^u 1 5 5 i o^i^s^^^s omMh ux-i^^ 

, pH8. 0> 2mM 2 - ^ -'t/*"/ hx:5^ y -^k 7 5 mM N a C 1 "e^lS 
{kUZ-c Superdex 200¥ Jl^BMfi y (7 T>'l^vi/Tt±S!l) (l-^L/co I^C^^-y 
7T-T'^ffi^ffo/wM^. F3li'Jf->->3>:5'-rA42. 1 ^Ot4il{:^aj 

mmmi 2(4) •vmh>tltz':fyXi K pF5NBPET-eJ^K^m^tl/-c:^lg®H 
MS 1 7 4 (DE3) > Escherichia coli HMS174(DE3) /pF5NBPET^T > fi/ 

0 0 us/ml (^mm-c^tEt^LBmm (h'j:/h>i og/v^y h 

;K P«x+X5 g/U y h>'k Na C 1 5 g/'J y h>'k pH7. 2) 500 

inix4Ti emm^m^n-^f^o mmm. mw^Q imicD7-'^-'>3>^<>y 
yr-izmmu m=^mmm^mi^rmbtzo mw^<omi^^i 2 o o o r 
pm^ 1 0 ^om't^^mWi. ±?t^8 o'c. 1 5^mom^mzf}--inco "torn 

H)tl 2 0 0 0 rpm. 1 0 ^®ii'I:^^^i^^ToT^#bn/c 6 0 . 5 m 1 OfHi. 
^m±miZ8. 7 1 gcDMT>^-'t7A^»L. 4'C-e2BfPBlft#Uf^^l 

2 0 0 0 r pm. 1 0 ^©iS'll^^fH^ff o it^^^ 19ml ©^<-y 7t-A 
T^j^ «y 7 T - ATStIr U/co iltffm©^^?S^^< >y 7 r - ATTO^k L/c 
RESOURCE Q*5A (7T>'l'^>'T^tlS) (C^L. FPLC'>XxA (77^1/^^/ 
TttIS) ^ffll^Ti'ov h:?'^7^ -^ffo/io Ji^li0^5 0 OmMONaC 

1 m^^^^^m^XOn-^tzo 3 5 OmM75^^4 5 OniMNa C 1 ©irC^T^Hl 
$n/cF 5^^t;®^ 1 1 m 1 h >; =i>-10(T $ =i>it|!l) 

TlilSU. 222/z 1 ©^^^iS^5 OmMh UX-Jgi?. pH8. 0. 2mM 2 
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-/;l/*:/hx:5'y-;L/, 75mM NaCl VW-W^tLtz Superdex 200^)1 

^-^^b/io T'^'Tv-AiB'^AB. A7~A 9 oiMSiE^i^-en^nss^m 

©@e^J§^: 8 5~9 2(C:^-ro cn'2>®:/^^ v--©M<?^^t)ii:CckoT A D 



A 2 


0. 


5 kb 


A 3 


1 


kb 


A 4 


2 


kb 


A 5 


4 


kb 


A 7 


8 


kb 


A 8 


1 0 


kb 


A 9 


1 2 


kb 



A 1 B/ 

A 1 B/ 

A 1 B/ 

A 1 B/ 

A 1 B/ 

A 1 B/ 

A 1 B/ 



mMM^V^^'otltzF 1 j7>y^•^K{ro^^TPCR'^0^^^■iI^/;o ADNA 
^mmtlfz 1 ~4kbODNAffirK-OliiI®Stt;^fT4'-9/cif)(i. -/^-T-^-^i: 
LT:/7>1'v-A 1 BSO'A 3. :/7>rv-A 1 BSC/A 4. 7°v>fv-A 1 B 
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^)X-mm. pH9. 2. 7 5mM iMfk:^ 'J 6 mM i^ftv^t^ 
. -en^'no. 4mMcDdATP. dCTP. dGTPSO^dTTP. 0. 0 
1% BSARV^l. 2 5 m&(DP i ut°'}'/y—t'C. BOOpgcDIIMD 
NA. 5 pmo l-f^ay^zTy^-?-. 1 7 3 pm o 1 ©F 1 :^ >^^*:^M 

^mii 2 5(i \) o #s^c^S{ro^^T 9 8 °c, 0 #~ 6 8 "c; 0 s>^i-9->r ^ )i 

#j , re 8'C. 0#J ^©laaii. SSM^^tl/cSltJ^BLfcirllBfc^Jc 
-e©^m^ ^fflt/^.7'7^v-*f{rcE:i;T 1 kbs 2kb. 4 kb©DNA»r . 

t T I > I ^ ^ © ^±EKt&^^T PCRt/ia:c;5)i ^■r ti ©WsKrfr $g^-e ^ 

llil^J2 2 DNA^K'j y 7— e-(r*f-r-5F K F3. F 5 3^ >^N°^K©^m 

6 kb©DNA»rit©iiiI'i'^®^^(-'^<'^T^ftt^^-o fy>('7-1^tLX^y 
>rv-A ISO'A 6 ^^^ffl L/;flb{i. II»J2 1 i:l^l;fflfi5c©Sl&?^^iSlS{L/c 
o ''.C^Js F 1 ^y^^t^mt 1 7 3 pmo K F Z^y^^t^mt 1 0 pmo K F 
5 ^y^<^mt \ pmo 1 ^-etl^'nSCc;:^(i»bft*^^ft(i2 5/i 1 tt/c 
o #ElS^{IolNT9 8°C. 1#~6 S'C. 2^^1-t^-r ^;t/tL/c3 01f^:7 

-e©^^. FU F3, F 5 :^'>^^°i7K©#^?^ETV^^■n(rfc^^rfc 6Kb©Ji 
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l\ PCR(rJ:5 ADNA^ilMi:L/c4 k b ©DNAffirM'OltiliSES'^Ox&mc: 
ol^T:^f^L/co :/5^v-ittLT7°^^v- A 1 BSO'A 5. 0. 7 5M 
CDP f U'-^'U y V— b"C. 1 ngOllMADNA^^mL/cffili^lil0iJ2 1 tl^ 

ni , 0 9 5 p m o 1 ^Umm\Zl^1S\ 2 5 1 (r L/Co ^SCCiSC 

ol>T9 4°C. 3 0#~55°C> 30#-72°Cv 2 1 -y-^T -'l/i: U/; 2 5 

mmm2 4 dna^^'u y v— tf^st-r-s r RFc-um-^i^omW: 

^m^^fzAlz^ P f u=K'J y 7— fe"C. Pfu DNA^°'J.^5--tr' (ttMD 

i^TO^'&irs F 7©c?(.#:S©^'&^Co^^TJtg^U/co 

DNAjJ^'j y 5— tfStt©ffiiJ^li, 5 0 f mo 1 ©P f U'-K'J ^ 7— tfCXIi 
Pfu DNA^''J ><^--t?<&i^fflts 4 0 0 f mo 1 Or RFC-Mm-^f^^S 
D*0-200fmol ©F 7^«t/cC t^lt^. ^Wj8 (5) tlEa®:^ 
jfetl^^tcftnco/co P f u DNA^-J^'j y 7— tf^ffli.^yi^'^OMm^^-® 1 7 
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{C^b/io Pfu DNA'-K'J ;f ^--tr'Jr^-T'S^mtUT. rRFC-Mm-^ 
> P f u^K'J y ^--ifCd^f-ra^mfcP f u DNA^U y ^— tfO^-^tl^ 

ll»J2 5 PCR(wfclj--5 r RFC-Mm-^^^irF 7 :5' >^^•^^!K*i^®^^ 
A DNA^IIS t 4 kb0D N A»rlt©liiiiSf5^^Sfit-'5/ci6> y 7 v- 
AlBRO'A5^^fflU 0. 3 7 B^fiCDP f U'-K'J ^5— tfC^^fflb^cflfe 
Iilllll0»l2 1 tl^l;MfiS©Kie^i^^liS2t:^Co ^.Cfc. r R F C -Mm-^f^li 3 1 
2. 5fmoK F 7 ^J^^/^^'Mli 1 2 5 f mo 1 ^SlC?S{-'en-en»t> 

2 5/jli tbtzo #SM{wO^^T 9 s 'c> 0 6 s 'c. 1 0 #^ 

1 if'T ^'-'l't L/c3 01f-r :?>'U®SCt:^tToyio SlC*^7^. HC&^5// 1^1 
ADNA^HStL/cS-l 2kbCDDNABrH-Oii'PI5lS(iol>Tl^il© 

iBSo'As. T/^-Yv- A 1 BSO'A 9cD'en-e'n^^fflU> ^^tro. 37 

S^iicDP f U'-KU y 7— tfC. 2. 5 n gOUSADNA^^fflb/iffeli. ^ 
51^2 1 tl^CmsST'lJISL/io ''<f*5\ r RFC-MS'^i*:(i3 1 2. 5 f m o 
K F7:^>^N*i'kli 1 2 5 f mo 1 ^SlS^SfC-en^n^U. 2 

/c3 Oif'T :7;t/©Kfc^^ffo/;o Sft^ll-T^. Sft^^S 5 ;U 1^ 1 %T:^/'a-xy 
-eOig^. r RFC-MS'&i^irF 7:J'y^N'::7K©*i?l//w?^{i. ^ffib/c-/ 
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y^-7-nizm\^rSkh. 10kb> 1 2 kb©DNA®r)t7!>-«W$nTlv<5 

z ti}mm^ntzo -:fj. tnz^miiuLx\,^f£^^m^is\.^xii. 8kb©DNA 
A wk^mm t L /w 4 kbcD D N A mifoi$^Kft^^^mt ^tzit. ^5 >r V - 

Stt LT75^^-A 1 B&O'A 3^ A 1 BSO'A 4> l/^'Tv- A 

IB SO' A 5 0-en^'n<£-MU &,Ti::mt^^os.mm^mmbfz : p f u 

DNA'-K'J y 5— ^f^^^•^<^;'7T-^ 0. 2mM dATP. dCTP, dG 
TP. dTTP2tC>'#0. 5 ^it<DP f ut'^) /y—if. 5 0 0 pg©iiMD 
NA, 2. 5 pmo 1 ■roCD#:r5-rv-, 2. 5 p m o 1 O r R F C -M^-^ 
($;j^>/>?/7^Saco. 5 pmo 1 ©F 7:J'>^^•^K («*l^*li2 5 // 1 ) o ^ 
SE0^^w^l.^T9 4'C> 3 0 l^'^-' 5 5 'C. 3 0H?~7 2'C. ^)lt 

r RFC-Mm^t*:tF 7^>^>°^KO*??b^c^{i. ^ffll^^-:^ 
7^'v-*f(rCc::bT 1 kb. 2kb> Akh(DDNA^}ft<m^^nx^^6Z.t 

fimm^titzo -ys. zn<oo^yy<^n^^is\bf£^'m^izit. ikb~2k 

2a©DNAjK'J y v--^f^^g'^LT^sgffl■r^PCRtIo^^Tr RFC-M^ 

ADNA^HMt b/c 1 kb©DNA»fJt©lii|is5E&(^-^«'^T^S|-r6/ci6, 
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mU dATP. dCTP. dGTPSO'dTTP. 1. 2 5 ^^(DLA$^y 
i'DNA^'U >f 7— If (M^?±^) . 5 0 0 pg©IIMDNA. Bpmol-f 
oO^y^-rv-. 6 2. ^ fmo KDRFCm-^H^^y^^^MRV^l 2. 5f 
mo 1 (DF7 ^y^<^m (ft^^l:{i2 b uD o =S-S^5?SCol,^T 9 8°C. 0 

rRFC-Um-ki^O^mabtz^.. F 7 ^ y^<^W(D^mubt:im. LA^ y 
^DNA^>') >^y— if (D^0^^itmbtctZ6r It. rRFC-Um^i^tF 
7 $^,yy<:7W^WitaLfz^.*<mi>^m^< l kh(DDNAm}f^mmt6Z.ti}^ 
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mm^^ : 1 

MMOM:^ : 2 4 9 

WMOUM : K 
lEJIJ : 

Met Pro Phe Glu lie Val Phe Glu Gly Ala Lys Glu Phe Ala Gin 
5 10 15 

Leu lie Asp Thr Ala Ser Lys Leu He Asp Glu Ala Ala Phe Lys 

20 25 30 

Val Thr Glu Asp Gly He Ser Met Arg Ala Met Asp Pro Ser Arg 

35 40 45 

Val Val Leu He Asp Leu Asn Leu Pro Ser Ser He Phe Ser Lys 

50 55 60 

Tyr Glu Val Val Glu Pro Glu Thr He Gly Val Asn Met Asp His 

65 70 75 

Leu Lys Lys He Leu Lys Arg Gly Lys Ala Lys Asp Thr Leu He 

80 85 90 

Leu Lys Lys Gly Glu Glu Asn Phe Leu Glu He Thr He Gin Gly 

95 lOO 105 

Thr Ala Thr Arg Thr Phe Arg Val Pro Leu He Asp Val Glu Glu 
110 115 120 

Met Glu Val Asp Leu Pro Glu Leu Pro Phe Thr Ala Lys Val Val 
125 130 135 
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Val Leu Gly Glu Val Leu Lys Asp Ala Val Lys Asp Ala Ser Leu 

140 145 150 

Val Ser Asp Ser [le Lys Phe He Ala Arg Glu Asn Glu Phe He 

155 160 165 

Met Lys Ala Glu Gly Glu Thr Gin Glu Val Glu He Lys Leu Thr 

170 175 180 

Leu Glu Asp Glu Gly Leu Leu Asp He Glu Val Gin Glii Glu Thr 

185 190 195 

Lys Ser Ala Tyr Gly Val Ser Tyr Leu Ser Asp Met Val Lys Gly 

200 205 210 

Xeu Gly Lys Ala Asp Glu Val Thr He Lys Phe Gly Asn Glu Met 

215 220 225 

Pro Met Gin Met Glu Tyr Tyr He Arg Asp Glu Gly Arg Leu Thr 

230 235 240 
Phe Leu Leu Ala Pro Arg Val Glu Glu 

245 

S2^J#^ : 2 

mmoMi^ : 7 5 0 

mm<Dm. -.mm 

SEa^©aS : G e n om i c DNA 

ATCCCATTTG AAATCGTATT TGAAGGTGCA AAAGAGTTTG CCCAACTTAT AGACACCGCA 60 
AGTAAGTTAA TAGATGAGGC CGCGTTTAAA GTTACAGAAG ATGGGATAAG CATGAGGGCC 120 
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ATGGATCCAA GTAGAGTTGT 


CCTGATTGAC 


CTAAATCTCC 


CGTCAAGCAT ATTTAGCAAA 


180 


TATGAAGTTG TTGAACCAGA 


AACAATTGGA 


GTTAACATGG 


ACCACCTAAA GAAGATCCTA 


240 


AAGAGAGGTA AAGCAAAGGA 


CACCTTAATA 


CTCAAGAAAG 


GAGAGGAAAA CTTCTTAGAG 


300 


ATAACAATTC AAGGAACTGC 


AACAAGAACA 


TTTAGAGTTC 


CCCTAATAGA TGTAGAAGAG 


360 


ATGGAAGTTG ACCTCCCAGA 


ACTTCCATTC 


ACTGCAAAGG. 


TTGTAGTTCT TGGAGAAGTC 


420 


CTAAAAGATG CTGTTAAAGA 


TGCCTCTCTA 


GTGAGTGACA 


GCATAAAATT TATTGCCAGG 


480 


GAAAATGAAT TTATAATGAA 


GGCAGAGGGA 


GAAACCCAGG 


AAGTTGAGAT AAAGCTAACT 


540 


CTTGAAGATG AGGGATTATT 


GGACATCGAG 


GTTCAAGAGG 


AGACAAAGAG CGCATATGGA 


600 


GTCAGCTATC TCTCCGACAT 


GGTTAAAGGA 


CTTGGAAAGG 


CCGATGAAGT TACAATAAAG 


660 


TTTGGAAATG AAATGCCCAT 


GCAAATGGAG 


TATTACATTA 


GAGATGAAGG AAGACTTACA 


720 


TTCCTACTGC CTCCAAGAGT 


TGAAGAGTGA 






750 



: 3 

m^noM:^ : 3 2 7 

mom : -^m 

mmomm ^rf- k 
mm-. 

Met Ser Glu Glu He Arg Glu Val Lys Val Leu Glu Lys Pro Trp 
5 . 10 15 

Val Glu Lys Tyr Arg Pro Gin Arg Leu Asp Asp He Val Gly Gin 

20 25 30 

Glu His He Val Lys Arg Leu Lys His Tyr Val Lys Thr Gly Ser 

35 40 45 

Met Pro His Leu Leu Phe Ala Gly Pro Pro Gly Val Gly Lys Thr 
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50 .55 60 

Thr Ala Ala Leu Ala Leu Ala Arg Glu Leu Phe Gly Glu Asn Trp 

65 70 75 

Arg His Asn Phe Leu Glu Leu Asn Ala Ser Asp Glu Arg Gly He 

80 85 90 

Asn Val He Arg Glu Lys Val Lys Glu Phe Ala Arg Thr Lys Pro 

95 100 " 105 

He Gly Gly Ala Ser Phe Lys He He Phe Leu Asp Glu Ala Asp 

110 115 120 

Ala Leu Thr Gin Asp Ala Gin Gin Ala Leu Arg Arg Thr Met Glu 

125 130 135 

Met Phe Ser Ser Asn Val Arg Phe He Leu Ser Cys Asn Tyr Ser 

140 145 150 

Ser Lys He He Glu Pro He Gin Ser Arg Cys Ala He Phe Arg 

155 160 165 

Phe Arg Pro Leu Arg Asp Glu Asp He Ala Lys Arg Leu Arg Tyr 

170 175 180 

He Ala .Glu Asn Glu Gly Leu Glu Leu Thr Glu Glu Gly Leu Gin 

185 190 195 

Ala He Leu Tyr He Ala Glu Gly Asp Met Arg Arg Ala He Asn 

200 205 210 

He Leu Gin Ala Ala Ala Ala Leu Asp Lys Lys He Thr Asp Glu 

215 220 225 

Asn Val Phe Met Val Ala Ser Arg Ala Arg Pro Glu Asp He Arg 

230 235 240 

Glu Met Met Leu Leu Ala Leu Lys Gly Asn Phe Leu Lys Ala Arg 
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245 250 255 

Glu Lys Leu Arg Glu lie Leu Leu Lys Gin Gly Leu Ser Gly Glu 

260 265 270 

Asp Val Leu Val Gin Met His Lys Glu Val Phe Asn Leu Pro lie 

275 280 285 

Glu Glu Pro Lys Lys Val Leu Leu Ala Asp Lys He Gly Glu Tyr 

290 295 300 

Asn Phe Arg Leu Val Glu Gly Ala Asn Glu He He Gin Leu Glu 

305 310 .315 

Ala Leu Leu Ala Gin Phe Thr Leu He Gly Lys Lys 

320 325 

w.n^^ : 4 

SeJlJCD^^ : 9 8 4 

mom: =-:$^m 

: G e n om i c DNA 

S2^J : 

ATGAGCGAAG AGATTAGAGA AGTTAAGGTT CTAGAAAAAC CCTGGGTTGA GAAGTATAGA 60 

CCTCAAAGAC TTGACGACAT TGTAGGACAA GAGCACATAG TGAAAAGGCT CAAGCACTAC 120 

GTCAAAACTG GATCAATGCC CCACCTACTC TTCGCAGGCC CCCCTGGTGT CCGAAAGACT 180 

ACAGCGGCTT TGGCCCTTGC AAGAGAGGTT TTCGGCGAAA ACTGGAGGCA TAACTTCCTC 240 

GAGTTGAATG CHCAGATGA AAGAGGTATA AACGTAATTA GAGAGAAAGT TAAGGAGTTT 300 

GCGAGAACAA AGCCTATAGG AGGAGCAAGC TTCAAGATAA TTTTCCTTGA TGAGGCCGAC 360 

GCTTTAACTC AAGATGCCCA ACAAGCCTTA AGAAGAACCA TGGAAATGTT CTCGAGTAAC 420 
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GTTCGCTTTA TCTTGAGCTG TAACTACTCC TCCAAGATAA TTGAACCCAT ACAGTCTACA 480 

TGTGCAATAT TCCGCTTCAG ACCTCTCCGC GATGAGGATA TAGCGAAGAG ACTAAGGTAC 540 

ATTGCCGAAA ATGAGGGCTT AGAGCTAACT GAAGAAGGTC TCCAAGCAAT ACTTTACATA 600 

GCAGAAGGAG ATATGAGAAG AGCAATAAAC ATTCTGCAAG CTGCAGCAGC TCTAGACAAG 660 

AAGATCACCG ACGAAAACGT ATTCATGGTA GCGAGTAGAG CTAGACCTGA AGATATAAGA 720 

GAGATGATGC TTCTTGCTCT CAAAGGCAAC TTCTTGAAGG CCAGAGAAAA GCTTAGGGAG 780 

ATACTTCTCA AGCAAGGACT TAGTGGAGAA GATGTACTAG TTCAGATGCA CAAAGAAGTC 840 

TTCAACCTGC CAATAGAGGA GCCAAAGAAG GTTCTGCnG CTGATAAGAT AGGAGAGTAT 900 

AACTTCAGAC TCGTTGAAGG GGCTAATGAA ATAATTCAGC TTGAAGCACT CTTAGCACAG 960 

TTCACCCTAA TTGGGAAGAA GTGA 984 

mn^^- : 5 

UnoM:^ : 6 1 3 
MM : 

Met Asp Glu Phe Val Lys Ser Leu Leu Lys Ala Asn Tyr Leu He 

5 10 15 

Thr Pro Ser Ala Tyr Tyr Leu Leu Arg Glu Tyr Tyr Glu Lys Gly 

20 25 30 

Glu Phe Ser He Val Glu Leu Val Lys Phe Ala Arg Ser Arg Glu 

35 40 45 

Ser Tyr He He Thr Asp Ala Leu Ala Thr Glu Phe Leu Lys Val 

50 55 60 
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Lys Gly Leu Glu Pro He Leu Pro Val Glu Thr Lys Gly Gly Phe 
65 70 75 

Val Ser Thr Gly Glu Ser Gin Lys Glu Gin Ser Tyr Glu Glu Ser 
80 85 90 

Phe Gly Thr Lys Glu Glu lie Ser Gin Glu lie Lys Glu Gly Glu 
95 100 105 

Ser Phe He Ser Thr Gly Ser Glu Pro Leu Glu Glu Glu Leu Asn 

110 115 120 

Ser He Gly He Glu Glu He Gly Ala Asn Glu Glu Leu Val Ser 

125 130 135 

Asn Gly Asn Asp Asn Gly Gly Glu Ala He Val Phe Asp Lys Tyr 

140 145 150 

Gly Tyr Pro Met Val Tyr Ala Pro Glu Glu He Glu Val Glu Glu 

155 160 165 

Lys Glu Tyr Ser Lys Tyr Glu Asp Leu Thr He Pro Met Asn Pro 

170 175 180 

Asp Phe Asn Tyr Val Glu He Lys Glu Asp Tyr Asp Val Val Phe 

185 190 195 

Asp Val Arg Asn Val Lys Leu Lys Pro Pro Lys Val Lys Asn Gly 

200 205 210 

Asn Gly Lys Glu Gly Glu He He Val Glu Ala Tyr Ala Ser Leu 

215 220 225 

Phe Arg Ser Arg Leu Lys Lys Leu Arg Lys He Leu Arg Glu Asn 

230 235 240 

Pro Glu Leu Asp Asn Val Val Asp He Gly Lys Leu Lys Tyr Val 

245 250 255 
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Lys Glu Asp Glu Thr Val Thr He He Cly Leu Val Asn Ser Lys 

260 265. 270 

Arg Glu Val Asn Lys Gly Leu lie Phe Glu He Glu Asp Leu Thr 

275 280 285 

Gly Lys Val Lys Val Phe Leu Pro Lys Asp Ser Glu Asp Tyr Arg 

290 295 300 

Glu Ala Phe Lys Val Leu Pro Asp Ala Val Val Ala Phe Lys Gly 

305 310 315 

Val Tyr Ser Lys Arg Gly He Leu Tyr Ala Asn Lys Phe Tyr Leu 

320 325 330 

Pro Asp Val Pro Leu Tyr Arg Arg Gin Lys Pro Pro Leu Glu Glu 

335 340 345 

Lys Val Tyr Ala He Leu He Ser Asp He His Val Gly Ser Lys 

350 355 360 

Glu Phe Cys Glu Asn Ala Phe He Lys Phe Leu Glu Trp Leu Asn 

365 370 375 

Gly Asn Val Glu Thr Lys Glu Glu Glu Glu He Val Ser Arg Val 

380 385 390 

Lys Tyr Leu He He Ala Gly Asp Val Val Asp Gly Val Gly Val 

395 400 405 

Tyr Pro Gly Gin Tyr Ala Asp Leu Thr He Pro Asp He Phe Asp 

410 415 420 

Gin Tyr Glu Ala Leu Ala Asn Leu Leu Ser His Val Pro Lys His 

425 430 435 

He Thr Met Phe He Ala Pro Gly Asn His Asp Ala Ala Arg Gin 

440 445 450 
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Ala lie Pro Gin Pro Glu Phe Tyr Lys GIu Tyr Ala Lys Pro He 

455 460 465 

Tyr Lys Leu Lys Asn Ala Val He He Ser Asn Pro Ala Val He 

470 475 480 

Arg Leu His Gly Arg Asp Phe Leu He Ala His Gly Arg Gly He 

485 490 495 

Glu Asp Val Val Gly Ser Val Pro Gly Leu Thr His His Lys Pro 

500 505 510 

Gly Leu Pro Met Val Glu Leu Leu Lys Met Arg His Val Ala Pro 

515 520 525 

Met Phe Gly Gly Lys Val Pro He Ala Pro Asp Pro Glu Asp Leu 

530 535 540 

Leu Val He Glu Glu Val Pro Asp Val Val His Met Gly His Val 

545 550 555 

His Val Tyr Asp Ala Val Val Tyr Arg Gly Val Gin Leu Val Asn 

560 565 570 

Ser Ala Thr Trp Gin Ala Gin Thr Glu Phe Gin Lys Met Val Asn 

575 580 585 

He Val Pro Thr Pro Ala Lys Val Pro Val Val Asp He Asp Thr 

590 595 600 

Ala Lys Val Val Lys Val Leu Asp Phe Ser Gly Trp Cys 

605 610 

raS^ : 6 
iE^JcD:g$ : 1 2 6 3 

mmom -.rum 
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^mcDUM : K 
@e^j : 

Met Glu Leu Pro Lys Glu He Glu Glu Tyr Phe Glu Met Leu Gin 

5 10 15 

Arg Glu He Asp Lys Ala Tyr Glu He Ala Lys Lys Ala Arg Ser 

20 25 30 

Gin Gly Lys Asp Pro Ser Thr Asp Val Glu He Pro Gin Ala Thr 

35 40 45 

Asp Met Ala Gly Arg Val Glu Ser Leu Val Gly Pro Pro Gly Val 

50 55 60 

Ala Gin Arg He Arg Glu Leu Leu Lys Glu Tyr Asp Lys Glu He 

65 70 75 

Val Ala Leu Lys He Val Asp Glu^He He Glu Gly Lys Phe Gly 

80 85 90 

Asp Phe Gly Ser Lys Glu Lys Tyr Ala Glu Gin Ala Val Arg Thr 

95 100 105 

Ala Leu Ala He Leu Thr Glu Gly He Val Ser^^la Pro Leu Glu 

110 115 120 

Gly lie Ala Asp Val Lys He Lys Arg Asn Thr Trp Ala Asp Asn 

125 130 135 

Ser Glu Tyr Leu Ala Leu Tyr Tyr Ala Gly Pro He Arg Ser Ser 

140 145 150 

Gly Gly Thr Ala Gin Ala Leu Ser Val Leu Val Gly Asp Tyr Val 

155 160 165 
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Arg Arg Lys Leu Gly Leu Asp Arg Phe Lys Pro Ser Gly Lys His 

170 175 180 

He Glu Arg Met Val Glu Glu Val Asp Leu Tyr His Arg Ala Val 

185 190 195 

Ser Arg Leu Gin Tyr His Pro Ser Pro Asp Glu Val Arg Leu Ala 

200 205 210 

Met Arg Asn He Pro lie Glu lie Thr Gly Glu Ala Thr Asp Asp 

215 220 225 

Val Glu Val Ser His Arg Asp Val Glu Gly Val Glu Thr Asn Gin 

230 235 240 

Leu Arg Gly Gly Ala lie Leu Val Leu Ala Glu Gly Val Leu Gin 

245 250 255 

Lys Ala Lys Lys Leu Val Lys Tyr He Asp Lys Met Gly He Asp 

260 265 270 

Gly Trp Glu Trp Leu Lys Glu Phe Val Glu Ala Lys Glu Lys Gly 

275 280 285 

Glu Glu He Glu Glu Ser Glu Ser Lys Ala Glu Glu Ser Lys Val 

290 295 300 

Glu Thr Arg Val Glu Val Glu Lys Gly Phe Tyr Tyr Lys Leu Tyr 

305 310 315 

Glu Lys Phe Arg Ala Glu He Ala Pro Ser Glu Lys Tyr Ala Lys 

320 325 330 

Glu He He Gly Gly Arg Pro Leu Phe Ala Gly Pro Ser Glu Asn 

335 340 345 

Gly Gly Phe Arg Leu Arg Tyr Gly Arg Ser Arg Val Ser Gly Phe 

350 355 360 
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Ala Thr Trp Ser He Asn Pro Ala Thr Met Val Leu Val Asp Glu 

365 370 375 

Phe Leu Ala lie Gly Thr Gin Met Lys Thr Glu Arg Pro Gly Lys 

380 385 390 

Gly Ala Val Val Thr Pro Ala Thr Thr Ala Glu Gly Pro lie Val 

395 400 405 

Lys Leu Lys Asp Gly Ser Val Val Arg Val Asp Asp Tyr Asn Leu 

410 415 420 

Ala Leu Lys He Arg Asp Glu Val Glu Glu He Leu Tyr Leu Gly 

425 430 435 

Asp Ala He He Ala Phe Gly Asp Phe Val Glu Asn Asn Gin Thr 

440 445 450 

Leu Leu Pro Ala Asn Tyr Val Glu Glu Trp Trp He Gin Glu Phe 

455 460 465 

Val Lys Ala Val Asn Glu Ala Tyr Glu Val Glu Leu Arg Pro Phe 

470 475 480 

Glu Glu Asn Pro Arg Glu Ser Val Glu Glu Ala Ala Glu Tyr Leu 

485 490 495 

Glu Val Asp Pro Glu Phe Leu Ala Lys Met Leu Tyr Asp Pro Leu 

500 505 510 

Arg Val Lys Pro Pro Val Glu Leu Ala He His Phe Ser Glu He 

515 520 525 

Leu Glu He Pro Leu His Pro Tyr Tyr Thr Leu Tyr Trp Asn Thr 

530 535 540 

Val Asn Pro Lys Asp Val Glu Arg Leu Trp Gly Val Leu Lys Asp 

545 550 555 
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Lys Ala Thr He Glu Trp Gly Thr Phe Arg Gly He Lys Phe Ala 

560 565 570 

Lys Lys He Giu lie Ser Leu Asp Asp Leu Gly Ser Leu Lys Arg 

575 580 585 

Thr Leu Glu Leu Leu Gly Leu Pro His Thr Val Arg Glu Gly He 

590 595 600 

Val Val Val Asp Tyr Pro Trp Ser Ala Ala Leu Leu Thr Pro Leu 

605 610 615 

Gly Asn Leu Glu Trp Glu Phe Lys Ala Lys Pro Phe Tyr Thr Val 

620 625 630 

lie Asp lie lie Asn Glu Asn Asn Gin He Lys Leu Arg Asp Arg 

635 640 645 

Gly He Ser Trp He Gly Ala Arg Met Gly Arg Pro Glu Lys Ala 

650 655 660 

Lys Glu Arg Lys Met Lys Pro Pro Val Gin Val Leu Phe Pro He 

665 670 675 

Gly Leu Ala Gly Gly Ser Ser Arg Asp He Lys Lys Ala Ala Glu 

680 685 690 

Glu Gly Lys He Ala Glu Val Glu He Ala Phe Phe Lys Cys Pro 

695 700 705 

Lys Cys Gly His Val Gly Pro Glu Thr Leu Cys Pro Glu Cys Gly 

710 715 720 

He Arg Lys Glu Leu He Trp Thr Cys Pro Lys Cys Gly Ala Glu 

725 730 735 

Tyr Thr Asn Ser Gin Ala Glu Gly Tyr Ser Tyr Ser Cys Pro Lys 

740 745 750 
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Cys Asn Val Lys Leu Lys Pro Phe thr Lys Arg Lys He Lys Pro 

755 760 765 

Ser Glu Leu Leu Asn Arg Ala Met Glu Asn Val Lys Val Tyr Gly 

770 775 780 

. Val Asp Lys Leu Lys Gly Val Met Gly Met Thr Ser Gly Trp Lys 

785 790 795 

He Ala Glu Pro Leu Glu Lys Gly Leu Leu Arg Ala Lys Asn Glu 

800 805 810 

Val Tyr Val Phe Lys Asp Gly Thr lie Arg Phe Asp Ala Thr Asp 

815 820 825 

Ala Pro He Thr His Phe Arg Pro Arg Glu He Gly Val Ser Val 

830 835 840 

Glu Lys Leu Arg Glu Leu Gly Tyr Thr His Asp Phe Glu Gly Lys 

845 850 855 

Pro Leu Val Ser Glu Asp Gin He Val Glu Leu Lys Pro Gin Asp 

860 865 870 

Val He Leu Ser Lys Glu Ala Gly Lys Tyr Leu Leu Arg Val Ala 

875 880 885 

Arg Phe Val Asp Asp Leu Leu Glu Lys Phe Tyr Gly Leu Pro Arg 

890 895 900 

Phe Tyr Asn Ala Glu Lys Met Glu Asp Leu He Gly His Leu Val 

905 910 . 915 

He Gly Leu Ala Pro His Thr Ser Ala Gly He Val Gly Arg He 

920 925 930 ■ 

He Gly Phe Val Asp Ala Leu Val Gly Tyr Ala His, Pro Tyr Phe 

935 940 945 
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His Ala Ala Lys Arg Arg Asn Cys Asp Gly Asp GIu Asp Ser Val 

950 955 960 

Met Leu Leu Leu Asp Ala Leu Leu Asn Phe Ser Arg Tyr Tyr Leu 

965 970 975 

Pro Glu Lys Arg Gly Gly Lys Met Asp Ala Pro Leu Val lie Thr 

980 985 990 

Thr Arg Leu Asp Pro Arg Glu Val Asp Ser Glu Val His Asn Met 

995 1000 1005 

Asp Val Val Arg Tyr Tyr Pro Leu Glu Phe Tyr Glu Ala Thr Tyr 

1010 1015 1020 

Glu Leu Lys Ser Pro Lys Glu Leu Val Arg Val lie Glu Gly Val 

1025 1030 1035 

Glu Asp Arg Leu Gly Lys Pro Glu Met Tyr Tyr Gly lie Lys Phe 

1040 1045 1050 

Thr His Asp Thr Asp Asp lie Ala Leu Gly Pro Lys Met Ser Leu 

1055 1060 1065 

Tyr Lys Gin Leu Gly Asp Met Glu Glu Lys Val Lys Arg Gin Leu - 

1070 1075 1080 

Thr Leu Ala Glu Arg lie Arg Ala Val Asp Gin His Tyr Val Ala 

1085 1090 1095 

Glu Thr He Leu Asn Ser His Leu lie Pro Asp Leu Arg Gly Asn 

1100 1105 1110 

Leu Arg Ser Phe Thr Arg Gin Glu Phe Arg Cys Val Lys Cys Asn 

1115 1120 1125 

Thr Lys Tyr Arg Arg Pro Pro Leu Asp Gly Lys Cys Pro Val Cys 

1130 1135 1140 
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Gly Gly Lys lie Val Leu Thr Val Ser Lys Gly Ala He Glu Lys 

1145 1150 1155 

Tyr Leu Gly Thr Ala Lys Met Leu Val Ala Asn Tyr Asn Val Lys 

1160 1165 1170 

Pro Tyr Thr Arg Gin Arg lie Cys Leu Thr Glu Lys Asp He Asp 

1175 1180 1185 

Ser Leu Phe Glu Tyr Leu Phe Pro Glu Ala Gin Leu Thr Leu lie 

1190 1195 1200 

Val Asp Pro Asn Asp He Cys Met Lys Met He Lys Glu Arg Thr 

1205 1210 1215 

Gly Glu Thr Val Gin Gly Gly Leu Leu Glu Asn Phe Asn Ser Ser 

1220 1225 1230 

Gly Asn Asn Gly Lys Lys He Glu Lys Lys Glu Lys Lys Ala Lys 

1235 1240 1245 

Glu Lys Pro Lys Lys Lys Lys Val He Ser Leu Asp Asp Phe Phe 

1250 1255 1260 

Ser Lys Arg 

mm^^ : 7 

mmoM^ : 2 0 

mom : 

mnomm : k 
ae^j : 

Met Asp Lys Glu Gly Phe Leu Asn Lys Val Arg Glu Ala Val Asp 
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5 10 15 

Val Val Lys Leu His 
20 

@E^J#^: 8 

mnom^ -.20 
mn-. 

Met Phe Thr Gly Lys ValLeu He Pro Val Lys Val Leu Lys Lys 
5 10 15 

Phe Glu Asn Trp Asn 
20 

mn^n : 9 
mnoM:^ : 2 0 

: 

Met He. Gly Ser lie Phe Tyr Ser Lys Lys Phe Asn Leu His Arg 
5 10 15 

Pro Ser Glu Tyr His 
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20 

mnwr^ : 1 0 

mmOM:^ : 2 0 

w>m<^mm : ^^^^ k 

@E^i : 

Met Lys Asp Tyr Arg Pro Leu Leu Gly Ala He Lys Val Lys Gly 
5 10 15 

Asp Asn Val Phe Ser 
20 

mm4^: 11 

SE^JO^^ : 1 8 
SS^Joa^ : ^-/^ K 

Met Asp lie Glu Val' Leu Arg Arg Leu Leu Glu Arg Glu Leu Ser 
5 10 15 

Ser Glu His 

mn^^- : 1 2 



1 0 4 



wo 99/00506 



PCT/JP98/02845 



mno^^ : 1 7 

Pro Phe Glu He Val Phe Glu Gly Ala Lys GIu Phe Ala Gin Leu 
5 10 15 

He Asp 

mm^^- : 1 3 
mmoM:^ : 1 7 

urn : 

ATGGATAARG ARGGNTT 17 

mmm^ : 1 4 

^no^^ : 2 0 

sa^jcDM : mm 
mn : 
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AATAAAGTWA GRGARGCNGT 20 

: 1 5 
lE^J©^^ : 2 0 

CTCTGCGGCA ATTCHGCAA 20 



: 1 6 
@e^J©g^ : 2 0 

mmcotm mm 

WLmomm momm (-^esdna) 

MM: 

CTTGCAAAGA AGTATCTAAC 20 



S2JIJ#^ : 1 7 
la^jOS^ : 2 0 0 9 

ia?ij©aii : G e n om i c DNA 
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SE^J : 



AACCTTCCAA 


AGAACTGGCG 


TTACGACCCA 


TTCCCTATAT 


TTTCATTTGG 


TGTTTTTCAT 


GGAGGCTGTG 


GATGTAGTAA 


AGCTCCACAT 


TCATAGGGAT 


GCGGATGGAA 


TAACCTCTGC 


AGGAGCGAGC 


TTTCACATTT 


CGATTGTTAA 


AAAGGATGAA 


GATTACAAAA 


TCTTCATTTT 


GATAAAAGAG 


TATCTTAAGG 


AAAAAACTGT 


TGTGAAGTTG 


GAAGAAAAGC 


ATATACTTGT 


TAGGGATCTG 


AGTGGATCTG 


GGGTTACATA 


TAGGGACCn 


GCTTACATTG 


CAATAGTGGG 


AGniTCCAT 


GGGATGAACC 


TTGATATTAT 


GGTTAAAAAA 


GAATTGCGCC 


TGTTTGGTAG 


ATATGCCACA 


AATCCGGAAA 


TTCCTGAAGT 


GTTAAAGAAC 


AAGGGCTTCA 


ATCCCGAGAA 


GAAAAAGTTA 


CATGATTTCC 


TAATCATTCA 


TATAGATAGG 


CTAATAGGAG 


ACGTTGTTAT 


GCACGAGGCT 


AGAGAATTTG 


CTACCCTAH 


CTTAGGAGTG 


GGTGTATGTT 


TGGGAGATGA 


TGAAGACTAC 


AAGAGGGAGC 


AAATTGAAGC 


i unnu 111 uu 




ATGTTTACGT 


TCTCGTTGGA 


ATAGCAGCTA 


GCATGGCCAT 


GGTTATAGTG 


TTTGCAGATA 


CTGATGAAGA 


AACTGAAAGG 


GCTTTAGCTA 


AGGGTTACAA 


GCTAGTGAAT 


GGGGAAGGGG 


GAGGACACGC 


CAGGTTGGCG 


GAGTTTAGAA 


AATTAATAGA 



GAGACTGCAA 


AGTTGCTCGT 


CCGCTGATCC 


60 


GGATAAGGAG 


GGTTTTnGA 


ACAAGGTTAG 


120 


CGAGTTAGGT 


CATACTATAA 


GGATAATCTC 


180 


GGCAATTCTT 


GCAAAGGCTT 


TGGGAAGAGA 


240 


ACAGGTAAGT 


GAAGATCTTT 


TAAGAGAATT 


300 


TTCCGACCTG 


GGTAGTGGTT 


CTTTAAGTTT 


360 


TATAATCCTT 


GATCACCATC 


CTCCGGAAAA 


420 


TAATCCAGTT 


CAATTTGGCG 


CAAATAGCGT 


480 


CTTCTTTGCA 


AGGGAGCTAA 


ATGAAAAGAA 


540 


AGCAGTTGGG 


GATATGCAAG 


AGAACGATGG 


600 


TGAAGATGGG 


AAATCTCTGG 


GAATTCTTGA 


660 


GGAAACTAGA 


CCTCTCTATC 


AAATGCTCGC 


720 


TACTGGAGAC 


GAGAGGAAGG 


CCATAGAGTG 


780 


AAAATATTGG 


GAATTAAGTG 


AGGAGGAAAA 


840 


CATGATCAAG 


CATGGAGCTG 


GAAAAGAGGA 


900 


TAGTCCCTTA 


TATCCTGAAG 


GGGATCCCAG 


960 


AAAGGCTACA 


GGCAGGTTAA 


ACTTGGGCAA 


1020 


GGAGGCTTTC 


AGAAAGGCCC 


TAAAGATGGT 


1080 


AAGAAAGTGC 


CTACTTCAAA 


ATTGGAACAG 


1140 


CnATATGTG 


GGAAAGAGTA 


TTAGAGATAC 


1200 


CAATGCTGGA 


CTGGCACATC 


CTGAAAAGCC 


1260 


TCCAAACCTT 


CTCAAAGGTT 


CAGCTAGAAC 


1320 


TTTGGGAGAA 


GCTCTTAGGA 


AAGCGGCTGA 


1380 


GATAGCTGCA 


GGTATAAGAA 


TTCCCAGGGC 


1440 


TAAAATCCTT 


GGAGAACAGG 


TGAGCAAAGG 


1500 
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TGGAGATAAA AGCGAAAGCT GAAATATTGT GGGAGTACAG CGATGAGAAG GTTGCTGAGG 1560 

CTATTGCGAA GTCTGTTGAT GTTGATAATA TTTCTCTCCC TCCAAACCTC AAGAAAAGTT 1620 

TAAATCmi GACGTTTTCC GATGGAGCGA AGGTAATAAC AAAGGHAAA TATCATGGAG 1680 

AAATTGAGAC TCTCATAGTT GCTCTCGATG ATTTGATATT CGCTGTAAAA GHGCTGAGG 1740 

AGGTGTTATG ATGGTGNGAA AAGGGNAACA ACAACANGGG ATAAGGGAAG NTGAAGCAAT 1800 

GGTATAHAT TTATGCTCCN GANTTCTTGG GCGGGGTAGA GGTAGGATTA ACGCCAGCAG 1860 

ACGATCCAGA GAAAGTACTC AACAGAGTCG TTGAAGTTAC TCtGAAGGAT GHACAGGAG 1920 

ACTTTACAAA GAGTCACGTG AAGCTCTATT TCCAAGTATA TGATGTCAAG GGACAGAATG 1980 

CCTACACAAA GTTCAAGCGA ATGAAGCTT 2009 

mm^■ : 1 8 

mm(D&^ : 1 4 3 4 

@2^JcDa^ : G e n om i c DNA 
SS^J : 

ATGGATAAGG AGGGTTTTTT GAACAAGCTT AGGGAGGCTG TGGATGTAGT AAAGCTCCAC 60 

ATCGAGTTAG GTCATACTAT AAGGATAATC TCTCATAGGG ATGCGGATGG AATAACCTCT 120 

GCGGCAATTC TTGCAAAGGC TTTGGGAAGA GAAGGAGCGA GCTTTCACAT TTCGATTGTT 180 

AAACAGGTAA GTGAAGATCT TTTAAGAGAA TTAAAGGATG AAGATTACAA AATCTTCATT 240 

TTTTCCGACC TGGGTAGTGG TTCTTTAAGT TTGATAAAAG AGTATCTTAA GGAAAAAACT 300 

GTTATAATCC TTGATCACCA TCCTCCGGAA AATGTGAAGT TGGAAGAAAA GCATATACTT 360 

GTTAATCCAG TTCAATTTGG CGCAAATAGC GTTAGGGATC TGAGTGGATC TGGGGTTACA 420 

TACTTCTTTG CAAGGGAGCT AAATGAAAAG AATAGGGACC TTGCTTACAT TGCAATAGTG 480 

GGAGCAGTTG GGGATATGCA AGAGAACGAT GGAGTTTTCC ATGGGATGAA CCTTGATATT 540 
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ATTGAAGATG GGAAATCTCT. GGGAATTCTT GAGGTTAAAA AAGAATTGCG CCTGTTTGGT 690 
AGGGAAACTA GACCTCTCTA TCAAATGCTC GCATATGCCA CAAATCCGGA AATTCCTGAA 660 
GTTACTGGAG ACGAGAGGAA GGCCATAGAG TGOHAAAGA ACAAGGGCTT CAATCCCGAG 720 . 
AAAAAATATT GGGAATTAAG TGAGGAGGAA AAGAAAAAGT TACATGATTT CCTAATCATT 780 
CACATGATCA AGCATGGAGC TGGAAAAGAG GATATAGATA GGCTAATAGG AGACGTTGTT 840 
ATTAGTCCCT TATATCCTGA AGGGGATCCC AGGCACGAGG CTAGAGAATT TGCTACCCTA 900 
TTAAACGCTA CAGGCAGGTT AAACTTGGGC AACTTAGGAG TGGCTGTATG TTTGGGAGAT 960 
GAGGAGGCTT TCAGAAAGGC CCTAAAGATG GTTGAAGACT ACAAGAGGGA GCAAATTGAA 1020 
GCAAGAAAGT GGCTACTTCA AAATTGGAAC AGTGAAGTTT GGGAGGGGGA TCATGTTTAC 1080 
GTCTTATATG TGGGAAAGAG TATTAGAGAT ACTCTCGTTG GAATAGCAGC TAGCATGGCC- 1140 
ATCAATGCTG GACTGGCAGA TCGTGAAAAG CCGGTTATAG TGTTTGCAGA TACTGATGAA 1200 
GATCCAAACC TTCTCAAAGG TTCAGCTAGA ACAACTGAAA GGGCTTTAGC TAAGGGTTAC 1260 
AATTTGGGAG AAGCTCmC GAAAGCGGCT GAGCTAGTGA ATGGGGAAGG GGGAGGACAC 1320 
GCGATAGCTG CAGGTATAAG AATTCCCAGG GCCAGGTTGG CGGAGTTTAG AAAATTAATA 1380 
GATAAAATCC TTGGAGAACA GGTGAGCAAA GGTGGAGATA AAAGCGAAAG CTGA 1434 

iB^J#-t : 1 9 

mmo^^ : 4 7 7 

mm : -^m 

Met Asp Lys Glu Gly Phe Leu Asn Lys Val Arg Glu Ala Val Asp 

5 10 15 

Val Val Lys Leu His He Glu Leu Gly His Thr He Arg He He 
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20 25 30 

Ser His Arg Asp Ala Asp Gly He Thr Ser Ala Ala He Leu Ala 
35 40 45 

Lys Ala Leu Gly Arg Glu Gly Ala Ser Phe His He Ser He Val 
50 55 60 

Lys Gin Val Ser Glu Asp Leu Leu Arg Glu Leu Lys Asp Glu Asp 
. 65 . 70 75 

Tyr Lys He Phe He, Phe Ser Asp Leu Gly Ser Gly Ser Leu Ser 
80 85 90 

Leu He Lys Glu Tyr Leu Lys Glu Lys Thr Val He He Leu Asp 
95 100 105 

His His Pro Pro Glu Asn Val Lys Leu Glu Glu Lys His He Leu 
110 115 120 

Val Asn Pro Val Gin Phe Gly Ala Asn Ser Val Arg Asp Leu Ser 
125 130 135 

Gly Ser Gly Val Thr Tyr Phe Phe Ala Arg Glu Leu Asn Glu Lys 
140 145 150 

Asn Arg Asp Leu Ala Tyr He Ala He Val Gly Ala Val Gly Asp 
155 160 165 

Met Gin Glu Asn Asp Gly Val Phe His Gly Met Asn Leu Asp He 
170 175 180 

He Glu Asp Gly Lys Ser Leu Gly He Leu Glu Val Lys Lys Glu 
185 190 195 

Leu Arg Leu Phe Gly Arg Glu Thr Arg Pro Leu Tyr Gin Met Leu 
200 205 210 

Ala Tyr Ala Thr Asn Pro Glu He Pro Glu Val Thr Gly Asp Glu 
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215 220 225 
Arg Lys Ala He Glu Trp Leu Lys Asn Lys "Gly Phe Asn Pro Glu 

230 235 240 
Lys Lys Tyr Trp Glu Leu Ser Glu Glu Glu Lys Lys Lys Leu His 

245 250 255 
Asp Phe Leu He He His Met He Lys His Gly Ala Gly Lys Glu 

260 265 270 
Asp He Asp Arg Leu He Gly Asp Val Val He Ser Pro Leu Tyr 

275 280 285 

Pro Glu Gly Asp Pro Arg His Glu Ala Arg Glu Phe Ala Thr Leu 

290 295 300 

Leu Asn Ala Thr Gly Arg Leu Asn Leu Gly Asn Leu Gly Val Ala 

305 310 315 

Val Cys Leu Gly Asp Glu Glu Ala Phe Arg Lys Ala Leu Lys Met 

320 325 330 

Val Glu Asp Tyr Lys Arg Glu Gin He Glu Ala Arg Lys Trp Leu 

335 340 345 

Leu Gin Asn Trp Asn Ser Glu Val Trp Glu Gly Asp His Val Tyr 

350 355 360 

Val Leu Tyr Val Gly Lys Ser He Arg Asp Thr Leu Val Gly He 

365 370 375 

Ala Ala Ser Met Ala He Asn Ala Gly Leu Ala Asp Pro Glu Lys 

380 385 390 

Pro Val He Val Phe Ala Asp Thr Asp Glu Asp Pro Asn Leu Leu 

395 400 405 

Lys Gly Ser Ala Arg Thr Thr Glu Arg Ala Leu Ala Lys Gly Tyr 
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410 415 420 

Asn Leu Gly Glu Ala Leu Arg Lys Ala Ala GIu Leu Val Asn Gly 

425 430 435 

Glu Gly Gly Gly His Ala lie Ala Ala Gly lie Arg He Pro Arg 

440 445 " 450 

Ala Arg Leu Ala Glu Phe Arg Lys Leu lie Asp Lys lie Leu Gly 

455 460 465 

Glu Gin Val Ser Lys Gly Gly Asp Lys Ser Glu Ser 

470 475 

SS^J#^ : 2 0 

mn(D^^ : 3 1 

ie^j©a -.mm 
mom : -^m 

SEJIJ : 

TTCATTTGGT GTTTTCCATG GATAAGGAGG G 31 

mmw^ : 2 1 

SE^JO^^ : 2 3 

mmom -.mm 
mm-. . 
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AAAGTWYTAA TWCCWGTNAA RGT 

mm^^: '2 2 
mno^^ : 2 3 
mmom mm 

MM : 

AAAGTWYTAA AAAARTTYGA RAA 

mm^n-: 2 3 

@S^O:S$ : 2 0 

mwm : mwi 

mom : 

GATACTGCTA GAAGAHGGA 

SEM#^ : 2 4 
iS^^IJCDS^ : 2 0 
: 

mom : 



PCT/JP98/02845 

23 



23 
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TTCGTACAGT CCCTCTGGTA 20 

mrn^^ : 2 5 

mWM:^ : 9 5 7 

mmom ■. mm 
mom : ~-^m 

le^ioaS : G e n om i c DNA 

mm : 



CTACGAAGCT AAAATTTGAT 


GTCTCAACTC 


AAGGACTTTT 


AGCTTATAAA 


ATGTGTCAAG 


60 


TCTTCCCCGA ACTTTCTCCT 


CCAGTAAGGG 


TTTTGTACCT 


CTCAGCAAAG 


ACAGGAGTAG 


120 


CATTTGAAGA CCTTGAAACT 


TTAGCGTATG 


AACATTATTG 


TACATGCGGC 


GACCTCACTT 


180 


AGATTTTTTA ACCCCTATTT 


TCTCTAATGT 


CATTCAAGTA 


TTGGGGGAGT 


AATCATGTTC 


240 


ACGGGTAAGG TATTGATTCC 


AGTAAAAGTA 


CTCAACAAGT 


TTGAGAATTG 


GAATGAAGGA 


300 


GATATGATAC TGCTAGAAGA 


TTGGAAAGCC 


AAGGAATTGT 


GGGAGAGTGG 


AGTAGTTGAA 


360 


ATAATCGATG AAGCTGATAA 


AGTCATAGGA 


GACATCGATA 


GAGTGTTATC 


AGAAGAAAAG 


420 


AAAAACCTCC CATTCACTCC 


AATACCAGAG 


GGACTGTACG 


AAAAAGCTGA 


ATTTTACATC 


480 


TATTATCTAG AAAAGTACAT 


CCAAGAGAAG 


GTCGACAACA 


TAGAAACAAT 


ACAAACTAAG 


540 


GTCACAAAGT TAGCAAATCT 


AAAGAAGAAG 


TATAAGACTC 


TGAAAGAGAT 


AAGATTTAAA 


600 


AAGATACTAG AGGCTGTGAG 


GCTTAGACCA 


AACAGTATGG 


AAATTCTAGC 


GAGATTATCC 


660 


CCAGCTGAAA AGAGAATATA 


CCHGAGATC 


TCTAAAATAA 


GGAGAGAGTG 


GATAGGTGAT 


720 


TAGCGTGGAC AGGGAGGAGA 


TGATTGAGAG 


ATTTGCAAAC 


TTCCTTAGGG 


AGTATACAGA 


780 


CGAAGATGGT AACCCAGTAT 


ACAGAGGTAA 


AATAACTGAT 


TTACTTACAA 


TAACACCCAA 


840 


GAGGTCTGTT GCAATAGACT 


GGATGCACCT 


AAATTCCTTT 


GACTCAGAGC 


TAGAGTCGAC 


900 


CTGCAGGCAT GCATGCAGGT 


CGACTCTAGA 


GGATCCCCGG 


CTACCGAGCT 


CGAATTC 


957 
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mmm^ : 2 6 

mnoM:^ : 4 8 9 

mmom : mm 

SS^Joaii : G e n om i c DNA 
: 

ATGTTCACGG GTAAGGTATT GATTCCAGTA AAAGTACTCA AGAAGTTTGA GAATTGGAAT 60 

GAAGGAGATA TGATACTGCT AGAAGATTGG AAAGCCAAGG AATTGTGGGA GAGTGGAGTA 120 

GTTGAAATAA TCGATGAAGC TGATAAAGTC ATAGGAGAGA TCGATAGAGT GTTATCAGAA 180 

GAAAAGAAAA ACCTCCCATT GACTCCAATA CCAGAGGGAC TGTACGAAAA AGCTCAATTT 240 

TACATCTATT ATCTAGAAAA GTACATCCAA GAGAAGGTCG ACAACATAGA AACAATAGAA 300 

ACTAAGGTCA CAAAGTTAGC AAATCTAAAG AAGAAGTATA AGACTCTGAA AGAGATAAGA 360 

TTTAAAAAGA TACTAGAGGC TGTGAGGCTT AGACCAAACA GTATGGAAAT TCTAGCGAGA 420 

TTATCCCCAG CTGAAAAGAG AATATACCH GAGATCTCTA AAATAAGGAG AGAGTGGATA 480 

GGTGATTAG 489 

mmmn : 2 7 
mno&^ : 1 6 2 
mmom -.rum 
mom -. 

Mm-. 

Met Phe Thr Gly Lys Val Leu He Pro Val Lys Val Leu Lys Lys 
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5 10 15 _ /• 

Phe Glu Asn Trp Asn Glu Gly Asp Met lie Leu Leu Glu Asp Trp 
20 25 30 

Lys Ala Lys Glu Leu Trp Glu Ser Gly Val Val Glu He He Asp 
35 40 45 

Glu Ala Asp Lys Val He Gly Glu He Asp Arg Val Leu Ser Glu 
50 55 60 

Glu Lys Lys Asn Leu Pro Leu Thr Pro He Pro Glu Gly Leu Tyr 

65 70 75 ' 

Glu Lys Ala Glu Phe Tyr He Tyr Tyr Leu Glu Lys Tyr He Gin 
80 85 90 

Glu Lys Val Asp Asn He Glu Thr He Gin Thr Lys Val Thr Lys 
95 100 105 

Leu Ala Asn Leu Lys Lys Lys Tyr Lys Thr Leu Lys Glu He Arg 
110 115 120 

Phe Lys Lys He Leu Glu Ala Val Arg Leu Arg Pro Asn Ser Met 
125 130 135 

Glu He Leu Ala Arg Leu Ser Pro Ala Glu Lys Arg He Tyr Leu 
140 145 150 

Glu He Ser Lys He Arg Arg Glu Trp He Gly Asp 
155 160 

mj\m^ : 2 8 - 
mm<D&^ : 1 7 
mmom mm 
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lE^J : 

ATGAAAGAYT AYAGRCC 

@E^J#-^ : 2 9 
mnoMi^ : 2 0 

mmom mm 

E^mcomm momm c-^brdna) 

Mm : 

CAAGCWATWA ARGTNAAGGG 
MmWr^ : 3 0 ■ 

mnom^ : 2 0 

noit : -i^m 

iE^joaS : ftfeO^^ C^fiRDN A) 

TTCAAGTAAG AGTGAGTTAG 

: 3 1 
i2?nj©:l$ : 2 0 
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17 



20 
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mom : 

le^j : 

TAAGTACTCC ACCATTTCCC 
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20 



mi^m^ : 3 2 

kmoM:^ : 1 0 1 2 

mnom mm 

SBJiJcoaS : G e n om i c DNA 
W.M : 

TCTAGAACAT AGCACTAAAA CTTTCCTTCT AGTACAACTT CTTCTCCTCT GTAAACTTTC 60 

ACATCAACTA TCTTCTTTCT CCCTTGATCC TCCACCACCT GAGCTTTTGC TAAAAGCACG 120 

TCTCCAACTT TCACCGGCTT TGTAAAGCGT ACCTCTGCCT TTCCAAGAAC TACAGTAGGC 180 

TCATTTACAG CAAGCATTGC GGCGTAATCA GCTAAACCAA ATGTAAAGCC CCCGTGAACT 240 

AGCCCCTTCT CATCAACCTT CATCTCGTCA ATGGTTTTCA GTTCCACTTC AGCATACCCC 300 

TCTCTTATTA CCCTGGGTTT TCCTACAAGT CTCTCAGATG TCAGATTGTG CGTTTTCTGC 360 

TCCATACCAC CACCGAAAAG AATAAGGTTT TTGAAATTTA AAAGCTAAGG GAGGAGTGAT 420 

GAAAGACTAT AGGCCACTCC TCCAAGCAAT AAAACTTAAG GGAGATAATC TTTTTTCAAG 480 

TAAGAGTGAG TTAGTTGGTA TTCTAGCCTT TAATTTGGGA ATATTAACAG TTGGTGAGGC 540 

AAAAGAACTC ATAGAGGAGG CCATAAAGGA GGGAATCATT GAGGAAACTC CCGAAGGTCT 600 

CATAGTTCAT GAGGATGCCA TAACTGAAAA GGAAAGCAAA AGGGATATAT TCGGGGAAAT 660 

GGTGGAGTAC TTAGCGAGAG AACTTGAGCT TAGCGAGATA GAAGTTCTTG AAGAGATAGA 720 

AAAAATGAAA GAGAGGTACG GAAATTTGGA TAAAAAAATT CTTGCTTACT TATTCGGACT 780 
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ATCAAAACGA GTTAACATGG AGAAATTCAA AGAATACTTG GAGGATGAAT GATGCCCAAA 840 
ATAGAACCTT TTGAAAAGTA CACTGAGAGA TACGAGGAGT GGTTTGAAAG AATAAATTTG 900 
CATACCTCAG TGAGCTTAAT GCCCTGAAAT CTCTTCTTCC TACCAGAGAA TGTGTTGAAG 960 
TGGGAATAGG TAGTGGAAGG TTTGCGGCTC CCCTGGGAAT TAAGATGGGG GT 1012 

mmm^- : 3 3 
W.m<DS:^ : 4 1 4 

mmom : mm 

Se^jcoa^ : G e n 0 m i c DNA 

ATGAAAGACT ATAGGCCACT CCTCCAAGCA ATAAAAGTTA AGGGAGATAA TGTTTTTTCA 60 

AGTAAGAGTG AGTTAGTTGG TAHCTAGCC TTTAATTTGG GAATATTAAC AGTTGGTGAG 120 

GCAAAAGAAC TCATAGAGGA GGCCATAAAG GAGGGAATCA TTGAGGAAAC TCCCGAAGGT 180 

CTCATAGTTC ATGAGGATGC CATAACTGAA AAGGAAAGCA AAAGGGATAT ATTCGGGGAA 240 

ATGGTGGAGT ACTTAGCGAG AGAACTTGAG CTTAGCGAGA TAGAAGTTCT TGAAGAGATA 300 

GAAAAAATGA AAGAGAGGTA CGGAAATTTG GATAAAAAAA TTCTTGCTTA CTTATTCGGA 360 

CTATCAAAAG GAGTTAACAT GGAGAAATTC AAAGAATACT TGGAGGATGA ATGA 414 

mmm^ : 3 4 

Se^JCD:S$ : 1 3 7 
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mm : 

Met Lys Asp Tyr Arg Pro Leu Leu Gin Ala lie Lys Val Lys Gly 
5 10 15 

Asp Asn Val Phe Ser Ser Lys Ser Glu Leu Val Gly He Leu Ala 

20 25 30 

Phe Asn Leu Gly lie Leu Thr Val Gly Glu Ala Lys Glu Leu lie 

35 40 45 

Glu Glu Ala He Lys Glu Gly He He Glu Glu Thr Pro Glu Gly 

50 55 60 

Leu He Val His Glu Asp Ala He Thr Glu Lys Glu Ser Lys Arg 

65 70 75 

Asp He Phe Gly Glu Met Val Glu Tyr Leu Ala Arg Glu Leu Glu 

80 85 90 . 

Leu Ser Glu He Glu Val Leu Glu Glu He Glu Lys Met Lys Glu 

95 100 105 

Arg Tyr Gly Asn Leu Asp Lys Lys He Leu Ala Tyr Leu Phe Gly 
110 115 120 

Leu Ser Lys Gly Val Asn Met Glu Lys Phe Lys Glu Tyr Leu Glu 
125 130 135 

Asp Glu 

mmmn : 3 5 

mm(D^^ : 3 3 

unom : ^wt 
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: 

AAAGCTAAGG GAGGACATAT GAAAGACTAT AGG 33 
i2^J#^ : 3 6 

mmom^ : 3 5 



TCAAACCACT CCTCGAATTC CTCAGTGTAC TTTTC 35 



: 3 7 
@2^J0:g$ : 2 0 

@eM©s : mm 
mc^n : 

CCWTTYGARA TWGTWTTYGA 20 
Ba^J#-^ : 3 8 

mmo^^ : 2 0 

m\om : mm 
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GGWGCWAARG ARTTYCCNCA 

mn^f : 3 9 

la^lOg^ : 2 0 

mnom ■. mm 
mom : 

mm : 

AACTTATAGA CACCGCAAGT 
I2^J#^ : 4 0 

mnoMi^ : 2 0 
Mm : 

GTCACTCTTC AACTCTTGGA 
ie^J#^ : 4 1 

mmom^ : 9 s 9 
mmom mm 
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M^OUM: Genomi c DNA 

mm: 

AAGCTTATAA AAGAATACCC GATACAGACA ATGGAAAAAC TTATTTATTG AGGGGTAAAG 60 

AAAGAGTTAG GCTTATGCTA AACATTCTTA AGGAGGTGGA AAGAGATGCC ATTTGAAATC 120 

GTATTTGAAG GTGCAAAAGA GTTTGCCCAA CTTATAGACA CCGCAAGTAA GTTAATAGAT 180 

GAGGCCGCGT TTAAAGTTAC AGAAGATGGG ATAAGCATGA GGGCCATGGA TCCAAGTAGA 240 

GTTGTCCTGA TTGACCTAAA TCTCCCGTCA AGCATATTTA GCAAATATGA AGTTGTTGAA 300 

CCAGAAACAA TTGGAGTTAA CATGGACCAC CTAAAGAAGA TCCTAAAGAG AGGTAAAGCA 360 

AAGGACACCT TAATACTCAA GAAAGGAGAG GAAAACTTCT TAGAGATAAC AATTCAAGGA 420 

ACTGCAACAA GAACATTTAG AGTTCCCCTA ATAGATGTAG AAGAGATGGA AGTTGACCTC 480 

CCAGAACTTC CATTCACTGC AAAGGTTGTA GTTCTTGGAG AAGTCCTAAA AGATGCTGTT 540 

AAAGATGCCT CTCTAGTGAG TGACAGCATA AAATTTATTG CCAGGGAAAA TGAATTTATA 600 

ATGAAGGCAG AGGGAGAAAC CCAGGAAGTT GAGATAAAGC TAACTCTTGA AGATGAGGGA 660 

TTAnCGACA TCGAGGTTCA AGAGGAGACA AAGAGCGCAT ATGGAGTCAG CTATCTCTCC 720 

GACATGGTTA AAGGACTTGG AAAGGCCGAT GAAGTTACAA TAAAGTHGG AAATGAAATG 780 

CCCATGCAAA TGGAGTATTA CATTAGAGAT GAAGGAAGAC TTACATTCCT ACTGGCTCCA 840 

AGAGTTGAAG AGTGACTTTT CTTTTCCTTA TAATTTAATT TGGGGATAAC AATGGATATT 900 

GAGGTTCTCA GAAGATTATT GGAGAGAGAA CTTTCAAGCG AAGAACTGAC TAAAATAGAG 960 

GAAGAATTTT ATGACGATTT AGAAAGCTT 989 

mn^^ : 4 2 

iE^iO:!^ : 4 5 
E^J®M : mm 
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mmomm momm c^^dna) 

: 

CCGGAACCGC CTCCCTCAGA . GCCGCCACCC TCAGAACCGC CACCC 45 
i£JlJ#^ : 4 3 

mmoM^ : 2 3 

mm(DW. .mm 

mmomm momm c-^^dna) 

CCWTGGGTWG ARAARTAYAG ROC 23 

ie^j#-t : 4 4 

B2^JCD:S^ : 2 0 

mnom -.mm 

WSWGATGAAA GAGGNATHGA 20 

mm^^ : 4 5 
mmo&^ : 2 0 
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mmomm a^omm c-^^dn a) 
ga^j : 

GCWTTWAGAA GAACNATGGA 

mn^^ : 4 6 

@S^©:g$ : 2 0 

la^njos : mm 
moi^ : -^m 

iE^i : 

TTWCCWACWC CWGGWGGNCC 

mnm^- 4 ? 
mnoM:^ : 2 0 

mm : 

CTTCTTAAWG CATTYTGNGC 

mmmn : 4 s 

E^JCDg^ : 2 3 
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20 



20 
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mm(Dm -. mm 

SH^J : 

ATWATTHWS WWGGATARTT RCA 

lE^J^^ : 4 9 
UmOM:^ : 2 0 

mmom mm 
mom : -:^m 

ATWGCTTTTC TCATRTCNCC 

@2^i#^ : 5 0 
WMO^^ : 2 0 

mnom : wm 

mom : -^m 

h^-ni;- : m.m^ 

WMonm : momm c-^brdna) 

ATCTTGAGTT AAAGCGTCGG 

mmWr^ : 5 1 
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23 



20 
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ie^J©:^^ : 2 0 

mm(Dm. mm 

ACGTTCGCn TATCTTGAGC 

m^m^- : 5 2 

mno^:^ : 2 0 
SE^JcDS : mm 

mom : -:^m 

TCAAAGACTT GACGACATTG 

SSJIJ^-t : 5 3 
@e^J®:i$ :. 2 0 

mmom mm 

mnomm momm (-^bkdna) 
seanj : 

nCTGCTATG TAAAGTATTG 
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20 



20 
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ie^J#^ : 5 4 _ - 

mno^^ : 2 0 

mmom -.mm 

i2^J : 

CAATACTTTA CATAGCAGAA 20 
: 5 5 

W.mo&^ : 3 6 2 0 

@S3^J®aii : G e n om i c DNA 

as^j : 

GAGCTCCAGC AACAACAATA ACCCAAGATG GAAAGGACTT TGGAGTAAGG TACTTTGGAT 60 

TACCGGCAGG TCATGAGTTC GCAGCATTCT TAGAGGACAT TGTGGATGTT AGTAGAGAAG 120 

AAACAAACCT TATGGACGAG ACAAAACAGG CCATCAGAAA CATAGACCAG GATGTAAGAA 180 

TAnCGTGTT TGAAACTCCA ACATGCCCAT ACTGTCCACT TGCCGTTAGA ATGGCTCACA 240 

AGHTGCCAT TGAAAACACA AAAGCTGGGA AAGGTAAGAT ACTTGGGGAT ATGGTCGAGG 300 

CCATTGAGTA TCCAGAGTGG GCTGACCAGT ACAATGTAAT GGCAGTACCA AAAATTGTTA 360 

TTCAGGTGAA CGGAGAAGAC AGAGTAGAAT TTGAAGGAGC TTATCCAGAG AAAATGTTCT 420 

TAGAGAAGTT ACTCTCAGCT CTCAGCT.GAT CTACTGTTTT TCCTTCTTTT CTTCTGTTCT 480 

GTTATTCCCT AGGATAAGCT TAATAATACT TTGATACCTT TCTTAGTTTA GGTGTGTGAG 540 

AGTATGAGCG AAGAGATTAG AGAAGTTAAG GTTCTAGAAA AACCCTGGGT TGAGAACTAT 600 
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AGACCTCAAA GACTTGACGA CATTGTAGGA 
TACGTCAAAA CTGGATCAAT GCCCCACCTA 
TGTCTTACTG GAGATACCAA AGTTATAGCT 
GTTGAAAAGC TTTCTGGGGG GAGATTTGGA 
GGAATACATG AGGATGGAAA GCTTAGAGAG 
ACTGATAGGT TGATAAAGAT AAAAACTCAC 
CACCCACTTC TAGTGAATAG AGAGAATGGC 
AAACCTGGCG ACAAGCTTGC AATACCGAGC 
CTTGCAGACT GGCTTGGTTA CTTTATGGGA 
ATCACGTTCA CTAACGAAGA TCCACTCATA 
CTmCCCTG ATGCAAAGAT AAGGGAAACA 
GTGGTATCTA GGAAAGCHG GAGCCTTGTA 
GAGGGGTGGA AAGGAATTCG TTCTTTCeTT 
GAAAGTGATG CAATAGTTTT ATCAACCGAT 
GCTTTAGCCA GCTTTGGAAT AATAGCTAAA 
TCGGACAACA TAGAGAGGTT CCTAAATGAG 
GAAGCCCAGA AGCTCATTAG AAAAACCAAT 
GAGCTAATCT CCTATGTAAA AGACAGGCTT 
AGCTACAGAA ATGCAAAGGA GCTTTCTTGG 
GAGGAACTGG AGAGACTAAA GAAGGTCTTA 
GTAGCAAAGA AGAGTGATGA AGTAATAGAA 
GAATACATAA AAGGAGAGAG AAAGCCAAGT 
CTTGGAATtA ACGTTGAACG TACCATCGAA 
AGCTATGCCC AGATTGGAAG AAAACTTGGA 
GAGAGCGACA CAGTGGATAA CGTTGAAATC 
CTCATAGAGG AAAHCTTTC GGATGGAAAG 



CAAGAGCACA TAGTGAAAAG GCTCAAGCAC 660 
CTCTTCGCAG GCCCCCCTGG TGTCGGAAAG 720 
AATGGCCAAC TCTTTGAACT TGGAGAACTT 780 
CCAACTCCAG TTAAAGGGCT CAAAGTTCTT 840 
HTGAAGTCC AATACGTCTA CAAAGATAGA 900 
CTTGGCAGGG AGCTTAAAGT AACTCCGTAT 960 
GAAATAAAGT GGATTAAGGC TGAAGAACTC 1020 
TTTCTCCCAC TTATAACTGG AGAAAATCCC 1080 
AGTGGCTATG CTTATCCAAG TAAnCTGTC 1140 
AGACAACGCT TTATGGAACT AACAGAGAAA 1200 
ATTCACGCTG ATGGAACTCC AGAAGTTTAT 1260 
AACT.CTATTA GCTTAACATT AATACCCAGG 1320 
AGGGCATATT CCGACTGCAA TGGTCGGATT 1380 
AACAATGATA TGGCCCAGCA GATAGCCTAT 1440 
ATGGATGGAG AAGATGTTAT TATCTCAGGC 1500 
ATTGGCTTTA GCACCCAAAG CAAACTTAAA 1560 
GTAAGATCCC ATGGACTAAA GATTAACTAT 1620 
AGGTTAAATG TCAATGATAA AAGAAATHG 1680 
GAACTCATGA AAGAAATTTA TTATCGCCTT 1740 
TCAGAACCCA TCTTGATCGA CTGGAATGAA 1800 
AAAGCTAAAA TTAGAGCAGA GAAGCTCCTA 1860 
TTCAAGGAGT ACATTGAGAT AGCAAAAGTC 1920 
GCTATGAAGA TCTTTGCAAA GAGATACTCA 1980 
ACTTGGAATT TCAATGTAAA AACAATTCTT 2040 
CTTGAAAAGA TAAGGAAAAT TGAGCTTGAG 2100 
CTCAAAGAAG GTATAGCATA TCTCATTTTC 2160 
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CTCTTCCAGA ATGAGCTTTA CTGGGACGAG 
TTTATAATCT ATGATCTTCA TGHCCTCGC 
ACAGTAGTCC ATAACACTAC AGCGGCTTTG 
TGGAGGCATA ACTTCCTCGA GTTGAATGCT 
GAGAAAGTTA AGGAGHTGC GAGAACAAAG 
nCCTTGATG AGGCCGACGC TmACTCAA 
GAAATGTTCT CGAGTAACGT TCGCTTTATC 
GAACCCATAC AGTCTAGATG TGCAATATTC 
GCGAAGAGAC TAAGGTACAT TGCCGAAAAT 
CAAGCAATAC TTTACATAGC AGAAGGAGAT 
GCAGCAGCTC TAGACAAGAA GATCACCGAC 
AGACCTGAAG ATATAAGAGA GATGATGCTT 
AGAGAAAAGC TTAGGGAGAT ACTTCTCAAG 
CAGATGCACA AAGAAGTCTT CAACCTGCCA 
GATAAGATAG GACAGTATAA CTTCAGACTC 
GAAGCACTCT TAGCACAGTT CACCCTAATT 
NCCTTGGGTA GAAAAATACA GGCCAAAAAA 
TATAGAGAAA GTTAGAGCGT GGATAGAGAG 
AGCCGTATTA TTAGCAGGAC CCCCAGGGAG 
AAATGACTAC AACTTTGAAG TCATTGAGCT 
AATCTCCAGG TATGTTCAAG CAGCATACAC 
AATCTTCCTC GATGAAGCAG ATAATATAGA 
AATTGATAAG GCCAAAAATC CAATAATAAT 
AGAGATCCGA GAAAAAGCTG AGCTAGTAGA 
GAATGCCTTA ATAAGGATCC " 
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ATAACTGAAG TAAAAGAGCT TAGGGGAGAC 2220 
TACCACAACT TTATTGCTGG GAACATGCCA 2280 
GCCCTTGCAA GAGAGCTTTT CGGCGAAAAC 2340 
TCA'GATGAAA GAGGTATAAA CGTAATTAGA 2400 
CCTATAGGAG GAGCAAGCTT CAAGATAATT 2460 
GATGCCCAAC AAGCCTTAAG AAGAACCATG 2520 
TTGAGCTGTA ACTACTCCTC CAAGATAATT 2580 
CGCnCAGAC CTCTCCGCGA TGAGGATATA 2640 
GAGGGCTTAG AGCTAACTGA AGAAGGTCTG 2700 
ATGAGAAGAG CAATAAACAT TCTGCAAGCT 2760 
GAAAACGTAT TCATGGTAGC GAGTAGAGCT 2820 
CTTGCTCTCA AAGGCAACTT CHGAAGGCC 2880 
CAAGGACTTA GTGGAGAAGA TGTACTAGTT 2940 
ATAGAGGAGC CAAAGAAGGT TCTGCHGCT 3000 
GTTGAAGGGG CTAATGAAAT AATTCAGCTT 3060 
GGGAAGAAGT GATGAAGTAT GCCAGAGCTT 3120 
GCTAAGTGAA ATTGTAAACC AAGAAGAGGC 3180 
CTGGTTGCAT GNCCACCCCC TTNAGAAAAA 3240 
CGGAAAGACA ACCACAGTNT ACGCTNTAGC 3300 
CAACGCGAGT GATGAGAGAA CTTATGAAAA 3360 
TATGGATATC CTCGGAAAGA GGAGGAAGAT 3420 
GCCCAGCGGA GCTAAGGAAA TCGCAAAACT 3480 
GGCTGCAAAT AAGTACTGGG AAGTTCCAAA 3540 
GTACAAGAGG TTAACCCAGA GAGATGTAAT 3600 

3620 
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mn^^ : 5 6 

@2^J©S^ : 2 1 

mmom mm 
m<Dm : -^m 

ffiM : 

CTTTCCGACA CCAGGGGGGC C 

i23«]#^ : 5 7 
IS^JOS^ : 2 1 

mmom ■. mm. 

: 

ACTACAGCGG CTTTGGCCCT T 

mM^^ : 5 8 
SejIJOS^ : 2 3 
S2^J©S : ^i? 

se^ : 

GATGAGTTCG TGTCCGTACA ACT 
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21 



21 
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mn^^ : 5 9 

mwm^ : 2 2 

mm : 

ACAAAGCCAG CCGGAATATC TG 22 

WM^^ : 6 0 
Se^OS^ : 2 0 

se^joM : mm. 
mm: 

GCTTCTAAAT CATTDATNGC 20 



mmm^ : e i 

E^JOS^ : 2 0 

mn(Dm mwt 

m\<Dmm : m<bmm (^^dna) 

WM : 
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GCGTGGATAG AGAGCTGGTT 20 



mm^^ : 6 2 
mnoM^ : 2 0 
mmom -.mm 

w^momm ^o^mk (^^dna) 

CTCTGGGTTA ACCTCTTGTA 20 

wmm^ : 6 3 

@e^J©:g$ : I 4 3 7 

WMOmM : Genomic DNA 
WM : 

ATGCCAGAGC TTCCCTGGGT AGmhmC AGGCCAAAAA AGTTAAGTGA AATTGTAAAC 60 

CAAGAAGAGG CTATAGAGAA AGTTAGAGCG TGGATAGAGA GCTGGTTGCA TGGCCACCCC 120 

CCTAAGAAAA AAGCCCTATT ATTAGCAGGA CCCCCAGGGA GCGGAAAGAC AACCACAGTC 180 

TACGCTCTAG CAAATGAGTA CAACTTTGAA GTCATTGAGC TCAACGCGAG TGATGAGAGA 240 

ACTTATGAAA AAATCTCCAG GTATGTTCAA GCAGCATACA CTATGGATAT CCTCGGAAAG 300 

AGGAGGAAGA TAATCTTCCT CGATGAAGCA GATAATATAG AGCCCAGCGG AGCTAAGGAA 360 

ATCGCAAAAC TAATTGATAA GGCCAAAAAT CCAATAATAA TGGCTGCAAA TAAGTACTGG 420 

GAAGTTCCAA AAGAGATCCG AGAAAAAGCT GAGCTAGTAG AGTACAAGAG GTTAACCCAG 480 
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AGAGATGTAA TGAATGCCTT AATAAGGATC CTAAAGAGGG AAGGTATAAC AGTTCCAAAA 5"40 
GAAATCCTCC TAGAAATAGC AAAAAGATCT AGTGGAGATC TAAGAGCAGC TATAAATGAT 600 
CTACAGACCG TTGTAGTGGG TGGTTACGAA GATGCTACGC AAGTTTTGGC ATATAGAGAT 660 
GTAGAAAAGA CAGTCTTTCA AGCCCTAGGA CTCGTCTTTG GAAGTGACAA CGCCAAGAGG 720 
GCAAAGATGG CAATGTGGAA CTTGGACATG TCCCCTGATG AATTCCTGCT ATGGGTAGAT 780 
GAGAACATTC CTCACCTCTA CCTAAATCCA GAGGAGATTG CCCAGGGGTA TGATGCAATT 840 
AGTAGAGCCG ACATATACCT CGGAAGGGCC GCCAGAACTG GAAACTATTC ACTCTGGAAG 900 
TACGGAATAG ATATGATGAC TGCAGGAGTT GCCGTGGCAG GGAGAAAGAG AAGGGGATTT 960 
GTCAAGTTTT ATCCTCCCAA CACCCTAAAG ATTTTAGCGG AAAGCAAAGA AGAAAGAGAG 1020 
ATCAGAGAGT CAATAATTAA AAAGATAATA CGAGAGATGO ACATGAGTAG GCTACAGGCA 1080 
ATAGAAACGA TGAAAATAAT TAGAGAGATT TTCGAGAACA ATCTAGACCT TGCTGCGCAC 1140 
TTTACAGTGT TCCTTGGTCT GTCTGAAAAA GAAGTTGAGT TTCTAGCTGG AAAGGAAAAA 1200 
GCTGGTACCA TTTGGGGCAA AGCCTTAGCA TTAAGAAGGA AACTTAAGGA GCTTGGAATA 1260 
AGAGAGGAGG AGAAGCCTAA AGTTGAAATT GAAGAAGAGG AAGAAGAGGA AGAAAAGACC 1320 
GAAGAAGAAA AAGAGGAAAT AGAAGAAAAA CCCGAAGAAG AGAAAGAAGA GGAGAAGAAA 1380 
GAAAAGGAAA AGCCAAAGAA AGGCAAACAA GCAACTCTCT TTGACTTTCT TAAAAAG 1437 

S2JIJ#^ : 6 4 

mnoMi^ : 4 7 9 

mmom -.rum 

EJIJ : 

Met Pro Glu Leu Pro Trp Val Glu Lys Tyr Arg Pro Lys Lys Leu 
5 10 15 
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Ser Glu He Val Asn Gin Glu Glu Ala He Glu Lys Val Arg Ala _ 

20 25 30 

Trp He Glu Ser Trp Leu His Gly His Pro Pro Lys Lys Lys Ala 
35 40 45 

Leu Leu Leu Ala Gly Pro Pro Gly Ser Gly Lys Thr Thr Thr Val 

50 55 60 

Tyr Ala Leu Ala Asn Glu Tyr Asn Phe Glu Val He Glu Leu Asn 
65 70 75 

Ala Ser Asp Glu Arg Thr Tyr Glu Lys He Ser Arg Tyr Val Gin 

80 85 90 

Ala Ala Tyr Thr Met Asp He Leu Gly Lys Arg Arg Lys He He 

95 100 105 

Phe Leu Asp Glu Ala Asp Asn He Glu Pro Ser Gly Ala Lys Glu 

110 115 120 

He Ala Lys Leu He Asp .Lys Ala Lys Asn Pro He He Met Ala 

125 130 135 

Ala Asn Lys Tyr Trp Glu Val Pro Lys Glu He Arg Glu Lys Ala 

140 145 150 

Glu Leu Val Glu Tyr Lys Arg Leu Thr Gin Arg Asp Val Met Asn 

155 160 165 

Ala Leu He Arg He Leu Lys Arg Glu Gly He Thr Val Pro Lys 

170 175 180 

Glu He Leu Leu Glu He Ala Lys Arg Ser Ser Gly Asp Leu Arg 

185 190 195 

Ala Ala He Asn Asp Leu Gin Thr Val Val Val Gly Gly Tyr Glu 

200 205 210 
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Asp Ala Thr Gin Val Leu Ala Tyr Arg Asp Val Glu Lys Thr Val 

215 220 225 

Phe Gin Ala Leu Gly Leu Val Phe Gly Ser Asp Asn Ala Lys Arg 

230 235 240 

Ala Lys Met Ala Met Trp Asn Leu Asp Met Ser Pro Asp Glu Phe 

■ 245 250 255 

Leu Leu Trp Val Asp Glu Asn He Pro His Leu Tyr Leu Asn Pro 

260 265 270 

Glu Glu He Ala Gin Ala Tyr Asp Ala lie Ser Arg Ala Asp lie 

275 280 285 

Tyr Leu Gly Arg Ala Ala Arg Thr Gly Asn Tyr Ser Leu Trp Lys 

290 295 300 

Tyr Ala He Asp Met Met Thr Ala Gly Val Ala Val Ala Gly Arg 

305 310 315 

Lys Arg Arg Gly Phe Val Lys Phe Tyr Pro Pro Asn Thr Leu Lys 

320 325 330 

He Leu Ala Glu Ser Lys Glu Glu Arg Glu He Arg Glu Ser He 

335 340 345 

He Lys Lys He He Arg Glu Met His Met Ser Arg Leu Gin Ala 

350 355 360 

He Glu Thr Met Lys He He Arg Glu He Phe Glu Asn Asn Leu 

365 370 375 

Asp Leu Ala Ala His Phe Thr Val Phe Leu Gly Leu Ser Glu Lys 

380 385 390 

Glu Val Glu Phe Leu Ala Gly Lys Glu Lys Ala Gly Thr He Trp 

395 400 405 



1 3 6 



wo 99/00506 PCT/JP98/02845 

Gly Lys Ala Leu Ala Leu Arg Arg Lys Leu Lys Glu Leu Gly He 

410 415 420 

Arg Glu Glu Glu Lys Pro Lys Val Glu He Glu Glu Glu Glu Glu 

425 430 435 

Glu Glu Glu Lys Thr Glu Glu Glu Lys Glu Glu He Glu Glu Lys 

440 445 450 

Pro Glu Glu Glu Lys Glu Glu Glu Lys Lys Glu Lys Glu Lys Pro 

455 460 465 

Lys Lys Gly Lys Gin Ala Thr Leu Phe Asp Phe Leu Lys Lys 

470 475 

mnm^ : 6 5 
mn<D^^ : 2 3 

mmom -.mm 
mm : 

ATGGATATWG ARGTDYTNAG RAG 23 

: 6 6 
WMO^^^ : 2 0 

mom. : ~^m. 
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ATWGARGTWY TWAGRAGRYT 20 

mnmn : 6 7 

02^J®g$ : 2 0 

mom 

: 

GAGAGAGAAC TTTCAAGCGA 20 

@2^J#^ : 6 8 
MMO^^ : 2 0 

Mm<Dm -.mm 

w,m(Dmm momm (^bsdna) 
mm-. 

CTCTAAGAAG ATATGCCTCT 20 

mm^^- : 6 9 

ia?lJ©S$ : 5 5 8 
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: Genomic DNA 


-- 


: 






ATGGATATTG 


AGGTTCTCAG AAGATTATTG GAGAGAGAAC TTTCAAGCGA AGAACTGACT 


60 


AAAATAGAGG 


AAGAATTTTA TGACGATTTA GAAAGCTTTA GAAAAGCCTT GGAAATCAAT 


120 


GCCGAGAGAC 


ATGAAGAAAG AGGAGAGGAC ATTCACAAAA AGCTGTATTT AGCTCAACTA 


180 


TCTTTGGTTA 


GGAATCHGT TAGAGAAATA TTAAGGATTA GGTTGCATAA GATTGTTGAT 


240 


ATGGCATTTG 


AGGGAGTTCC CAGAAATTTA GTTGGAGATG AAAAGAAAAT ATACAAGATA 


300 


ATAACAGCTT 


TCATAAATGG AGAACCTCTT GAAATTGAAA CGGCAGGAGA AGAGAGTATT 


360 


GAAGTTATTG 


AAGAGGAAAA AuAAALAltl tllbliUAlAA lAuAulxLAlA ILllLllAlrA 




GTTGATATTC 


CCAAAATATT GGATGAAAAT TTGAGAGAAT ATGGGCCCTT CAAGGCTGGC 


480 


GATCTTGTTG 


TATTGCCGAA GTCTATTGGC AGGGTACTCA TTCAGAGGGA TGCCGCGGAT 


540 


AAGGTATTGA 


TACAAHG 


558 


: 


7 0 






: 1 8 6 





MM : 

Met Asp lie GIu Val Leu Arg Arg Leu Leu Glu Arg Glu Leu Ser 
5 10 15 

Ser Glu Glu Leu Thr Lys lie Glu Glu Glu Phe Tyr Asp Asp Leu 

20 25 30 

Glu Ser Phe Arg Lys Ala Leu Glu lie Asn Ala Glu Arg His Glu 

35 "40 45 
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Glu Arg Gly Glu Asp He His Lys Lys Leu Tyr Leu Ala Gin Leu 

50 55 60 

Ser Leu Val Arg Asn Leu Val Arg Glu He Leu Arg He Arg Leu 

65 70 75 , 

His Lys He Val Asp Met Ala Phe Glu Gly Val Pro Arg Asn Leu 

80 85 90 

Val Gly Asp Glu Lys Lys He Tyr Lys He He Thr Ala Phe He 

95 100 105 

Asn Gly Glu Pro Leu Glu He Glu Thr Ala Gly Glu Glu Ser He 

110 115 120 

Glu Val He Glu Glu Glu Lys Glu Thr Ser Pro Gly He He Glu 

125 130 135 

Ala Tyr Leu Leu Arg Val Asp He Pro Lys He Leu Asp Glu Asn 

140 145 150 

Leu Arg Glu Tyr Gly Pro Phe Lys Ala Gly Asp Leu Val Val Leu 

155 160 165 

Pro Lys Ser He Gly Arg Val Leu He Gin Arg Asp Ala Ala Asp 

170 175 180 
Lys Val Leu He Gin Leu 

185 

mm^^■ 1 1 

SSJIIO:!^ : 3 3 

lE^ioM -.mm 
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TTTAATTTCG GGATAACCAT GGATATTGAG GTT 

w.m^n : 7 2 

W.n(D&^ : 3 1 , 

w.mom '.mm 

TAGGATGGGT TTTGGATCCT CTCATTGGAG G 

: 7 3 
mn<D^^ : 2 0 

mom : 

mmomm ^omm c^brdna) 

ATGATWGGWW SWATHTTYTA 

ie^j#^ : 7 4 

WMO^^ : 2 3 

mwm : ^i? 
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33 



31 
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UmcDUm : ffeOM (^fiSDNA) 

Mn : 

AAGAAGTTTA ATYTDCAYAG RCC 

mn^^ : 7 5 
mnoM:^ : 2 0 
@E3nj©S : mm 
mom : 

mmomm momm c^bsdna) 
mm : 

TGAGTATCAT CCAGAGAATC 

Se^JS^ : 7 6 
iEJiJCD:!^ : 2 0 

sE^jcDfi : mm 
mom. : 

mmomm : ft&om c-^BgDNA) 

TCACATCGGG ATCGTTCCAG 

mmWr^- : 7 7 
Se^J©:S$ : 2 0 
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23 



20 
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mom. : -^m 

GATTTTGACG CTCATCATGG 

mmm^ : 7 8 
mmo&^ : 2 0 
le^^jcDM : mm 
mom. : -« 

mmomm momk c^eKDNA) 

GOmGkkCG ATTTCGAGTC 
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20 



20 



mn^^ : 7 9 

@e^J©:S^ : 1 0 0 5 

mom : -:^m 

^Mom^ : Genomic DMA 
lEa^ : 

ATGATTGGCT CAATATTTTA TTCCAAGAAG TTTAACCTCC ATAGACCTAG TGAGTATCAT 60 

CCAGAGAATC CCAAGAGACT CGAAATCGTT CTTTCCAAGG TCAGAGAGCT TGGACTTGAA 120 

GAAACAATAG AAGAACCAAA CCCAGTTGAA GAGACTTTCG TTGAGAAAAT TCACGACAGG 180 

GATTACATCA ACTTCGTTAA AGAGGCCGTT GAAAAAGGAA TCACAAGACT TGATCCAGAC 240 
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ACTTATGTTT 


CTCCTGGGAC 


TTGGAGT6CG 


GCATTGTTAG 


CTTTAGGAGC CGCAAGGAGT 


3G0 


GCAGCTTTAT 


CAGCCCTTCA 


CTATGGAGGC 


CTCCACATGG 


CTCTAGTTAG GCCCCCTGGG 


360 


CATCATGCAG 


GGAGAAGAGG 


AAGGGCCATG 


GGTGCCCCAA 


CACTAGGCTT CTGCATCTTC 


420 


AACAACGCGG 


CCTCTGCAGT 


TGTCACCTTG 


AAAGAAGAGG 


GAGTTGGAAA AGTTGTTGTA 


480 


ATAGATTTTG 


ACGCTCATCA 


TGGAAACGGG 


ACTCAGGAAA 


TATTCTGGAA CGATCCCGAT 


540 


GTGATTCACA 


TAGATCTACA 


CGAGAGAGAC 


ATCTACCCAG 


GGAGTGGGGA TGTGAGTGAA 


600 


GTTGGAGGGT 


CAAATGCTTA 


TGGGAGCAAG 


ATAAACCTCC 


CAATGCCCCA CTATTCTGGG 


660 


GATGGGGATT 


ACATATATGT 


TTGGGACGAA 


ATTGTGCTTC 


CAATAGTTGA AGAAGTTAAG 


720 


CCAAAGGTCA 


TCGTAATTTC 


CGCGGGCTTT 


GATGGATTTA 


AAGGGGATGG TCTAACAACA 


780 


TTAAGGCTCA 


CAGAAAGTTT 


TTACTCTTAT 


GCAGGGGCTA 


CATTAAAtAA ATATCCCTTG 


840 


GCAHTATAT 


TGGAAGGCGG 


GTATGGAGTA 


GGGTTAGATA 


AAGGTTTTCC GGCCTTCATA 


900 


ATGGGCTACG 


AAGAGGGTAA 


AGCGAAAGCT 


CGAGAAGAGC 


CAAGATATGA GACCCTAAAG 


960 


TTGGCGGAGG 


AGGTTAAGGA 


CATCHGAGT 


CCCTGGTGGT 


CGTTA 


1005 



mm^n : 8 0 

lE^JCDg^ : 3 3 5 

: . 

Met He Gly Ser He Phe Tyr Ser Lys Lys Phe Asn Leu His Arg 

5 10 15 

Pro Ser Glu Tyr His Pro GIu Asn Pro Lys Arg Leu Glu He Val 

20 25 30 

Leu Ser Lys Val Arg Glu Leu Gly Leu Glu Glu Arg He Glu Glu 

1 4 4 
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35 40 45 

Pro Asn Pro Val Glu Glu Thr Phe Val Glu Lys He His Asp Arg 

50 55 60 

Asp Tyr He Asn Phe Val Lys Glu Ala Val Glu Lys Gly He Thr 

65 70 75 

Arg Leu Asp Pro Asp Thr Tyr Val Ser Pro Gly Thr Trp Ser Ala 

80 85 90 

Ala Leu Leu Ala Leu Gly Ala Ala Arg Ser Ala Ala Leu Ser Ala 

95 100 105 

Leu His Tyr Gly Gly Leu His Met Ala Leu Val Arg Pro Pro Gly 

110 115 120 

His His Ala Gly Arg Arg Gly Arg Ala Met Gly Ala Pro Thr Leu 

125 130 135 

Gly Phe Cys He Phe Asn Asn Ala Ala Ser Ala Val Val Thr Leu 

140 145 150 

Lys Glu Glu Gly Val Gly Lys Val Val Val He Asp Phe Asp Ala 

155 160 165 

His His Gly Asn Gly Thr Gin Glu He Phe Trp Asn Asp Pro Asp 

170 175 180 

Val He His He Asp Leu His Glu Arg Asp He tyr Pro Gly Ser 

185 190 195 

Gly Asp Val Ser Glu Val Gly Gly Ser Asn Ala Tyr Gly Ser Lys 

200 205 210 

He Asn Leu Pro Met Pro His Tyr Ser Gly Asp Gly Asp Tyr He 

215 220 225 

Tyr Val Trp Asp Glu He Val Leu Pro He Val Glu Glu Val Lys 
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230 235 240 

Pro Lys Val lie Val He Ser Ala Gly Phe Asp Gly Phe Lys Gly 

245 250 255 

Asp Gly Leu Thr Thr Leu Arg Leu Thr GIu Ser Phe Tyr Ser Tyr 

260 265 270 

Ala Gly Ala Thr Leu Asn Lys Tyr Pro Leu Ala Phe He Leu Glu 

275 280 285 

Gly Gly Tyr Gly Val Gly Leu Asp Lys Gly Phe Pro Ala Phe He 

290 295 300 

Met Gly Tyr Glu Glu Gly Lys Ala Lys Ala Arg Glu Glu Pro Arg 

305 310 315 

Tyr Glu Thr Leu Lys Leu Ala Glu Glu Val Lys Asp He Leu Ser 

320 325 330 
Pro Trp Trp Ser Leu 

335 

mrn^n : 8 1 

lejljOfi^ : 3 6 

GGGAAGAAGT GATGACATAT GCCAGAGCTT CCCTGG 36 
i2^J#^ : 8 2 
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mn(DM^ : 2 0 
mmom-.mm 
mom : -^m 

TTCCAAGCTC CTTAAGTTTC 



PCT/JP98/0284S 



20 



He^i#^ : 8 3 
Se^jCDS^ : 3 5 7 4 

uwmm -.momm (^^DNA) 
mm : 

CATATGCCAG AGCTTCCCTG GGTAGAAAAA TACAGGCGAA AAAAGTTAAG TGAAATTGTA 60 

AACCAAGAAG AGGCTATAGA GAAAGTTAGA GCGTGGATAG AGAGCTGCH CCATGCCCAC 120 

CCCCCTAAGA AAAAAGCCCT ATTATTAGCA GGACCCCCAG GGAGCGGAAA GACAACCACA 180 

GTCTACGCTC TAGCAAATGA GTACAACTTT GAAGTCATTG AGGTCAACGC GAGTGATGAG 240 

AGAACTTATG AAAAAATCTC CAGGTATGTT CAAGCAGCAT ACACTATGGA TATCCTCGGA 300 

AAGAGGAGGA AGATAATCTT CCTCGATGAA GCAGATAATA TAGAGCCCAG CGGAGCTAAG 360 

GAAATCGCAA AACTAATTGA TAAGGCCAAA AATCCAATAA TAATGGCTGC AAATAAGTAC 420 

TGGGAAGTTC CAAAAGAGAT CCGAGAAAAA GCTGAGCTAG TAGAGTACAA GAGGTTAACC 480 

CAGAGAGATG TAATGAATGC CTTAATAAGG ATCCTAAAGA GGGAAGGTAT AACAGTTCCA 540 

AAAGAAATCC TCCTAGAAAT AGCAAAAAGA TCTAGTGGAG ATCTAAGAGC AGCTATAAAT 600 

GATCTACAGA CCGTTGTAGT GGGTGGTTAC GAAGATGCTA CGCAAGTTTT GGCATATAGA 660 
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GATGTAGAAA 


AGACAGTGTT 


TCAAGCCCTA 


GGACTCGTCT 


TTGGAAGTGA 


CAACGCCAAG 


720 


AGGGCAAAGA 


TGGCAATGTG 


GAACTTGGAC 


ATGTCCCCTG 


ATGAATTCCT 


GCTATGGGTA 


780 


GATGAGAACA 


TTCCTCACCT 


CTACCTAAAT 


CCAGAGGAGA 


TTGCCCAGGC 


GTATGATGCA 


840 


ATTAGTAGAG 


CCGACATATA 


CCTCGGAAGG 


GCCGCCAGAA 


CTGGAAACTA 


TTCACTCTGG 


900 


AAGTACGCAA 


TAGATATGAT 


GACTGCAGGA 


GTTGCCGTGG 


CAGGGAGAAA 


GAGAAGGGGA 


960 


TTTGTCAAGT 


TTTATCCTCC 


CAACACCCTA 


AAGATTTTAG 


CGGAAAGCAA 


AGAAGAAAGA 


1020 


GAGATCAGAG 


AGTCAATAAT 


TAAAAAGATA 


ATACGAGAGA 


TGCACATGAG 


TAGGCTACAG 


1080 


GCAATAGAAA 


CGATGAAAAT 


AAHAGAGAG 


ATTTTCGAGA 


ACAATCTAGA 


CCTTGCTGCG 


1140 


CACTTTACAG 


TGTTCCTTGG 


TCTGTCTGAA 


AAAGAAGTTG 


AGTTTCTAGC 


TGGAAAGGAA 


1200 


AAAGCTGGTA 


CCATTTGGGG 


CAAAGCCTTA 


GCATTAAGAA 


GGAAACTTAA 


GGAGCTTGGA 


1260 


ATAAGAGAGG 


AGGAGAAGCC 


TAAAGTTCAA 


ATTGAAGAAG 


AGGAAGAAGA 


GGAAGAAAAG 


1320 


ACCGAAGAAG 


AAAAAGAGGA 


AATAGAAGAA 


AAACCCGAAG 


AAGAGAAAGA 


AGAGGAGAAG 


1380 


AAAGAAAAGG 


AAAAGCCAAA 


GAAAGGCAAA 


CAAGCAACTC 


TCHTGACTT 


TCTTAAAAAG 


1440 


TGATTACCCT 


TTTTCTTCTA 


TTAGAGCTCC 


GAATAAAGTT 


GGCCCTCTAA 


TTTTTTCTAT 


1500 


TGTCTCCTCC 


ACATTAATCT 


TTACGAATTC 


GAGCTCCAGC 


AACAACAATA 


ACCCAAGATG 


1560 


GAAAGGACTT 


TGGAGTAAGG 


TACTTTGGAT 


TACCGGCAGC 


TCATGAGTTC 


GCAGCATTCT 


1620 


TAGAGCACAT 


TGTGGATGTT 


AGTAGAGAAG 


AAACAAACCT 


TATGGACGAG 


ACAAAACAGG 


1680 


CCATCAGAAA 


CATAGACCAG 


GATGTAAGAA 


TATTGGTGTT 


TGAAACTCCA 


ACATGCCCAT 


1740 


ACTGTCCACT 


TGCCGTTAGA 


ATGGCTCACA 


AGTTTGCCAT 


TGAAAACACA 


AAAGCTGGCA 


1800 


AAGGTAAGAT 


ACTTGGGGAT 


ATGGTCGAGG 


CCATTGAGTA 


TCCAGAGTGG 


GCTGACCAGT 


1860 


ACAATGTAAT 


GGCAGTACCA 


AAAATTGTTA 


TTCAGGTCAA 


CGGAGAAGAC 


AGAGTAGAAT 


1920 


TTGAAGGAGC 


TTATCCAGAC 


AAAATGTTCT 


TAGAGAAGTT 


ACTCTCAGCT 


CTCAGCTGAT 


1980 


CTACTGTTTT. 


TCCTTCTTTT 


CTTCTGTTCT 


GTTATTGCCT 


AGGATAAGCT 


TAATAATACT 


2040 


TTGATACCTT 


TCTTAGTTTA 


GGTGTGTGAG 


AGTATGAGCG 


AAGAGATTAG 


AGAAGTTAAG 


2100 


GTTCTAGAAA 


AACCCTGGGT 


TGAGAAGTAT 


AGACCTCAAA 


GACTTGACGA 


CATTGTAGGA 


2160 


CAAGAGCACA 


TAGTGAAAAG 


GCTCAAGCAC 


TACGTCAAAA 


CTGGATCAAT 


GCCCCACCTA 


2220 
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CTCTTCGCAG GCCCCCCTGG TGTCGGAAAG ACTACAGCGG CTTTGGCCCT TGCAAGAGAG 2280 
CTTTTCGGCG AAAACTGGAG GCATAACTTC CTCGAGTTGA ATGCTTCAGA TGAAAGAGGT 2340 
ATAAACGTAA TTAGAGAGAA AGTTAAGGAG TTTGCGAGAA CAAAGCCTAT AGGAGGAGCA 2400 
AGCTTCAAGA TAATTTTCCT TGATGAGGCC GACGCTTTAA CTCAAGATGC CCAACAAGCC 2460 
TTAAGAAGAA CCATGGAAAT GTTCTCGAGT AACGTTCGCT TTATCTTGAG CTGTAACTAC 2520- 
TCCTCCAAGA TAATTGAACC CATACAGTCT AGATGTGCAA TATTCCGCTT CAGACCTCTC 2580 
CGCGATGAGG ATATAGCGAA GAGACTAAGG TACATTGCCG AAAATGAGGG CHAGAGCTA 2640 
ACTGAAGAAG GTCTCCAAGC AATACTTTAC ATAGCAGAAG GAGATATGAG AAGAGCAATA 2700 
AACAHCTGC AAGCTGCAGC AGCTCTAGAC AAGAAGATCA CCGACGAAAA CGTATTCATG 2760 
GTAGCGAGTA GAGCTAGACC TCAAGATATA AGAGAGATGA TGCTTCTTGC TCTCAAAGGC 2820 
AACTTCTTGA AGGCCAGAGA AAAGCTTAGG GAGATACTTC TCAAGCAAGG ACTTAGTGGA 2880 
GAAGATGTAC TAGTTCAGAT GCACAAAGAA GTCTTCAACC TGCCAATAGA GGAGCCAAAG 2940 
AAGGTTCTGC TTGCTGATAA GATAGGAGAG TATAACTTCA GACTCGTTGA AGGGGCTAAT 3000 
GAAATAATTC AGCTTGAAGC ACTCTTAGCA CAGTTCACCC TAATTGGGAA GAAGTGATGA 3060 
AGTATGCCAG AGCTTCCCTG GGTAGAAAAA TACAGGCCAA AAAAGTTAAG TGAAATTGTA 3120 
AACCAAGAAG AGGCTATAGA GAAAGTTAGA CCGTGGATAG AGAGCTGGTT GCATGGCCAC 3180 
CCCCCTAAGA AAAAAGCCGT ATTATTAGCA GCACCCCCAG GGAGCGGAAA GACAACCACA 3240 
GTCTACGCTC TAGCAAATGA GTACAACTTT GAAGTCATTG AGCTCAACGC GAGTGATGAG 3300 
AGAACTTATG AAAAAATCTC CAGGTATGTT CAAGCAGCAT ACACTATGGA TATCCTCGGA 3360 
AAGAGGAGGA AGATAATCTT CCTCGATGAA GCAGATAATA TAGAGCCCAG CGGAGCTAAG 3420 
GAAATCGCAA AACTAATTGA TAAGGCCAAA AATCCAATAA TAATGGCTGC AAATAAGTA.C 3480 
TGGGAAGTTC CAAAAGAGAT CCGAGAAAAA GCTGAGCTAG TAGAGTACAA GAGGTTAACC 3540 
CAGAGAGATG TAATGAATGC CTTAATAAGG ATCC 3574 

mmwf^- : 8 4 . 

mWMi^ : 3 3 
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se^ijcDS : mm 

SE^I: 

TACTTGTAAT ATTGTCATAT GATTGGCTCA ATA 

mmm^ : s 5 

gE3rlJ©:g$ : 3 5 

mmom mm 
w,n : 

GATGAGTTCG TGTCCGTACA ACTGGCGTAA TCATG 

mmmn : s e 

@E^I©^$ : 2 5 

mwm-.mm 
mom : -^m 

w^mcomm : i&omm (^bsdna) 

MM: 

GGTTATCCAA ATCAGCCACA GCGCC 
mm^^: 8 7 
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33 



35 
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mnom^ : 2 3 

mmom mm 
mm : 

GCGTACCTTT GTCTCACGGG CAA 

m^m^ : s s 

Se^jCDg^ : 2 2 
GATAGCTGTC GTCATAGGAC TC 

mmmn •. s 9 

lE^JCDg^ : 2 3 

S2^j©a : mm 

^momm m(Dmm (-^brdna) 
le^^ij : 

CTTAACCAGT GCGCTGAGTG ACT 
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23 



22 
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i£^J#^ : 9 0 
le^^jO^^ : 2 8 

WMOmm -- fffe®M (-^figDNA) 
GACAATCTGG AATACGCCAC CTGACTTG 

mm^^- : 9 1 

mmom^ : 2 s 
mmom : mm 
m(Dm: 

MM : 

TTGCCACTTC CGTCAACCAG GCTTATCA 

ie^J#^ : 9 2 
ia^JcD:!^ : 2 9 

ie^jcDS -.mm 
mom : -^m 

: 

TGTCCGTCAG CTCATAACGG TACTTCACG 
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28 



28 
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2 EScCD D N A 'J 7 - -tfMSH^ o 

4. mnmcDBM^^: K 3, 1 9s 2 7s 3 4. 6 4 > TOSO'S Ot^^^ 

^ bxti^m^m 1 ~ 3 i^-rn*^ia«® D N A '-K u ^ --trHas^o 

5. @E^JgcDS2^J#^ : K 3, 1 9. 2 7. 3 4. 6 4 . 7 0 Z^O' 8 0 7^)^<i 

v^T. iTO±©T^ y^^^SSi. mw^b HtWA^ titer i mWLM 

^^^b. DNA'-i^'J y 5--tf®^r-r'SDNA'^fiRStt^{£ii-r6?St4^^ri-'5 

6. i2JiJ^©iSM#^ : 2 . 4 . 1 8. 2 6 . 3 3. 6 3 . 6 9 SC^'7 9*^^ 
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-tf'CD 6 D NA^^m^^^m-r ^ m^^'Wir ^ D N a -t: ;^ 5 - MifiS^ 
D N A y 7 - if® Wr D N A-^fi^^tt^ffiii-r 6 W^^O D N 
9. ^^:Sl~4l^-rn3!)^a®®DNA'-K'J y 5-4f'MH^®??4T(iDN 

1 0. 2SJ£(±®DNA^°'J y 5— trMH^^®#&TCDNA^'^^t-'5lff 
9 E^© D N A O'^^:^&o 

11. DNA^KU y 5— tfMilB^t LT> FT. P F U-R F CSC>'P F U 
- R F C L S ©#ST(w D N A O-^fi^^ff 9 1 0 D N A 

O 

1 2. DNA^KU y 7— 1?;!)^> BfitiDNA^'J ^ 5--tf-e$>5lf*:^ 9 ~ 1 
U ^-rtlJi^E^© D N A O '^fiS:^j*o 
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